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SMS I1 CREW DEBRIEFINGS 

Spacelab Mission Simulation I1 was conducted a t  t he  Johnson Space 
Center from January 26 through February 1, 1976. The following NASA 
personnel pa r t i c i pa t ed  as  crewmeclbers: 

F. Story Musgrave, M.D. - Mission Spec i a l i s t  (MS) 
C. F. Sawin, Ph. D. - Payload Spec i a l i s t  1 (PSI) 
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This doc-ment contains t he  t r a n s c r i p t s  of t h e  crew debr ief ings ,  
which were he ld  as follows: 

February 3, 1976 (a.m. ) - Management Debriefing 
February 3, 1976 (p.m. ) - Systems Debriefing 
February 4, 1976 (a.m. and p.m. ) - Science Experiments 

Debriefing 
February 4, 1976 (p.m. ) - Core Equipment Debriefing 
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I n t e g r a t i o n  

HUFFSTETLE3 -- want t h e  crew t o  o u t l i n e  what occurred during t h e  t e s t ,  
t h e i r  observations t h e r e  during t h e  t e s t  - pr imar i ly  t o  
al low a l l  of us here  t o  ask quest ion-.  Questions t h a t  - 
any ques t ions ,  t h a t  i s ,  e s p e c i a l l y  those tyint p e r t a i n  t o  
t h e  t e s t  conduct, t h e  philosophies of t h e  t c s c ,  quest ions 
t h a t  may p e r t a i n  t o  what . . . by t h e  debr ief ink.  Those 
a r e  important ,  e spec ia l ly  a t  t h i s  time. We've got a  l o t  
of b r i e f i n g s  t o  make i n  t h e  next couple of nonths t h a t  a re  
going t o  be t h e  b a s i s  f o r  t h e  p lans ,  e spec ia l ly  i n  t h e  
l i f e  sc iences  and now i n  t h e  S&ID areas .  So Story  and 
Bob and Chuck d i d  a  super Job i n  t h e  t e s t .  And I under- 
s t and  t h a t  - Marv Bradley t e l l s  me t h a t  we had 261 experi- 
ment runs during t h e  t e s t ,  arAd I don'r, know what t h e  
planned i s ,  but  we f i g u r e  t h a t  it must be at l e a s t  40 per- 
cent  over what was planned. These a r e  complete runs,  these  
a r e n ' t  nickel-and-dime th ings ,  but  complete runs. There 
a r e  6 a l t e r n a t e  experiments, an3 I know up t o  day 4 they 
had run something l i k e  26 of t h e  a l t e r n a t e  experiments, 
which we'd put  i n  t h e r e  j u s t  i r ~  case t h e r e  was enough 
t ime.  So they must have had $0 rms o r  so on a l ter r ,a tes .  
And l i k e  Story  j u s t  s a i d ,  you co7:ld go over t h e r e  and 
switch t h i n g s  on and you want m r e  dz ta  on those  same 
experiments and they '  il a l l  work. 

MUSGRAVE A s  B i l l  s a i d ,  we don' t  have a  forma; debr ief ing o u t l i n e ,  
and we're J u s t  kind of  a  takeoff  point  f o r  anyone e l s e  t o  
r a i s e  any quest ions.  This i s  -the nanagemenr, debr ief ing,  
which w i l l  be,  - We won't ge t  ir.to -11 of it, t h e  nuts  acd 
b o l t s  and t h i n g s ,  you know, i n t o  zLe very bas ic  th ings .  
We'l l  j u s t  t r y  t o  present  i n  f a i r l y  b r i e f  fashion - I t ' l l  
be a t akeof f  point  f o r  &n over-view of t h e  simulat ion.  I 
t h i n k  one place t'o star-c i s  how they differ from t h e  
l a s t  . . . . And again t h i s  i s  my point  or view and it 
may not be ,  of course, aiways cor rec t .  The corzpiexity e;' 
hardware was something I thought w a s  -.rery s ign i f ;  caritly 
d i f f e r e n t .  We nad a much, much mote complex $&yioaa t h ~ s  
t ime,  and t h e  i n t e c r a t i o n  t a s ~ s  - z t i s  made t h e  i n t e g r a t l o a  
t a s k  a  l o t  more d i f f i c d t .  I s s t e e a  of having t h e  t r & L e r  
we had i a s t  t ime,  w e  dld, of co-&se, have Orb i t e r  middech 



m d  flight deck, and the tunnel. In terms of being able 
to evaluate - And as we'll see, I think we did a good job, 
as good as you could, making some contributions toward 
Orbiter habitebility. So that was a big difference. We 
had a two shift operation and that contributed an awful 
lot in terms of the problems you get into doing that, and 
we had a multidisciplinary mission. Having the cosmic-ray 
lab, which contributed, I think, an awful lot, to what 
we're going to learn about operating the Shuttle Spacelab 
program in the future. 

That's something you also need to look - \+Then you look at 
multidisciplinary things, life sciences is not strictly 
life sciences. And looking at the kinds of payloads we've 
had on these sins, even within the life sciences disci- 
pline - If you look at the instrumentation that's required 
to get the job done, it In essence is a multidisciplinary 
.mission. In other words, there's nothing peculiar about 
mass spectrometers in life sciences. You need them in 
physical+sciences, likewise for gas chromatography, pressure 
transducers, all those other things, FR 1300, data manage- 
ment, and these sorts of things. Those are things which 
are applicable not just to life sciences, but to all 
forms of payloads. So even within the life sciences 
experiments, there are aspects, which are required by many 
different disciplines. But in terms of - It w&s important 
to look at the integration of a physical scientist within 
the life sciences experiments, which is not something 
that's in the Baseline Op's plan if you look at this. If 
you read the BOP'S it says, you know, the physical scien- 
tist will do the physical sciences, and the life sciences 
will do the life sciences and that sort of thing. But 
when you get into integration of s crew or a team, it 
gets down to, everyone's going to do those things, which 
they need to do, to get the job done. I think those are 
some of the big differences between this one and the last 
one; the complexity of the payload, having an Orbiter 
middeck and flight deck, a two-shift operation, and a 
multidiscipline approach. I think those were the big 
things. I'll lead the discassion off in terms of - I've 
got sort of an outline of how we might approach this 
thing. Starting with the integration process because 
chronologically that's something that has to come earlier, 
look at the training of the ops team, both the flightcrew 
and the ground crew, look at flight control, flight activ- 
ities. Take a look at our contributions to payloed 



design,  Spacelab design, Orb i t e r  design, f i n d  a couple of 
comments maybe on core equipment. 

I n  terms of i n t e g r a t i o n ,  we d id  have a much more complex 
p iece  of  machinery. You c a n ' t  put  it down i n  terms of  
numbers, but  if you look a t  what we f lew i n  Skylab, and 
many of you can comment on t h i s  - i f  you look a t  t h e  t o t a l  
medical package on Skylab and t h e  t o t a l  medical package, 
even not  inc luding t h e  cosmic ray ,  I ' d  say - you c a n ' t  put 
it i n  terms of numbers, but  I ' d  say w e  had a more complex 
and more capable package by two o r  t h r e e  tirnes on t h i s  
mission than we had on Skylab. I n  o t k e r  words, i t ' s  a 
r e a l  hunk of hardware, and so it was a c z ~ ~ ~ : n d o u s  in tegra-  
t i o n  t a s k .  And t h e r e  a r e  a few pieces  of t l , i u ipen t  on 
t b i s ,  which have been contrac ted  ou t ,  designed 3) YASA 
f o r  - s p e c i f i c a l l y  f o r  space f l i g h t .  But j u s t  looking 
around t h e  panels ,  I ' d  say 90 percent  of it i s  off-the- 
s h e l f  equipment, which j u s t  came out of medical 
l a b o r a t o r i e s .  

And a s  B i l l  s a i d ,  I th ink  i t ' s  extremely important t o  point  
out  t h a t  r i g h t  today we could run over t h e r e  today and get  
good, e x c e l l e ~ t ,  v a l i d  d a t a  on every s ing le  experiment 
t h a t ' s  i n  t h a t  t h i n g .  I n  o the r  words, we had SIMSUP, but  
we had some o the r  l i t t l e  funnies - but i n  terms of any kind 
of - even approaching ca tas t roph ic  failure of any experi- 
ment, t h e r e  weren' t  any f a i l u r e s  t h a t  approached t h a t .  
There weren ' t  ar-y f a i l u r e s ,  which could even degrade t h e  
data .  So r i g h t  today, we could run over t h e r e  - 20 experi- 
ments, l i f e  sc iences ,  and t h e  one of cosmic ray ,  we could 
run over t h e r e  today and crank th ings  up and ge t  excel lent  
da ta .  And so  t h a t  speaks f o r  i t s e l f  i n  terms of  t h e  i n t e -  
g r a t i o n  process ,  i n  terms of  t h e  t r a i n i n g  process,  i n  terms 
of t h e  t o t a l  t h i n g ,  what 's  it thke t o  p u l l  of f  a  mission. 
Tha t ' s  t h e r e ,  s o  by d e f i n i t i o n  t h e  in tegra t ion  process was 
very successful .  O f  course, we run these  th ings  t o  t r y  t o  
l e a r n  t h i n g s ;  and t h e  more complex package t h a t  you t r y  t o  
i n t e g r a t e ,  t h e  more you b i t e  o f f ,  t h e  more you ' re  going t o  
l e a r n .  So we won't - u n t i l  t h i s  afternoon,  won't ge t  i n t o  
all o f  t h e  l i t t l e  f i n e  lessons  we learned.  The more you 
b i t e  o f f ,  t h e  more you ' re  going t o  l e a r n .  I n  terms of t h e  
i n t e g r a t i o n ,  I t h i n k  we were r e a l l y  running on a exponen- 
t i a l  on t h i s  one. I n  o the r  words, th ings  were coming 
toge the r .  It was f r igh ten ing  t o  me t o  see t h e  way - and 
not only me, t h e r e  were l o t s  of people, but  I was - you 
know, I ' m  success o r i en ted .  You a l l  know me, I ' m  looking 
ahead, and looking downstream seeing how we're going t o  



ge t  t h e  job done. And I th ink  we time compressed a  l o t  
of t h i s  t h i n g  a t  t h e  end. It may be t h e  way we r e a l l y  end 
up f l y i n g  though, if you look a t  t h e  t r a f f i c  model fo r  t h e  
S h u t t l e  and o t h e r  th ings ;  it may be t h a t  some th ings  a r e  
going t o  have t o  ge t  put o f f .  And I may seem l i k e  I ' m  
d ig ress ing  a  l i t t l e  b i t ,  but  looking a t  it t h e  way we d id  
t h i s  one, I can r e a l l y  envision f l y i n g  a  l i f e  sciences 
mission l i k e  t h i s .  Where you have a  l o t  of off-the-shelf 
hardware t h a t ' s  coming out  of people ' s  l a b s ,  and you ' re  
i n t e g r a t i n g  them and f l y i n g  them. I can see  where we're 
going t o  be  t r a i n i n g  on a c t u a l  f l i g h t  hardware. We won't 
be going out  and buying duplica.tes of th ings  t h a t  a r e  
a l ready  i n  exis tence ,  We w i l l  be t r a i n i n g  on f l i g h t  hard- 
ware i n  t h e  pe r son ' s  l a b ,  P I ' S  i a b .  We'l l  be i n t e g r a t i n g  
t h a t ,  and t h e  crew w i l l  be p a r t i c i p a t i n g  i n  t h e  in tegra t ion  
process a t  t h e  i n t e g r a t i o n  f a c i l i t y .  The same way here ,  
we s t a r t e d  t r a i n i n g  out  t h e r e  i n  t h e  i n t e g r a t i o n  room 
where t h e s e  th ings  were going i n  racks. As soon a s  t h e r e  
were enough i n  t h e  racks  t h a t  we could t r a i n  wi th  them, 
we s t a r t e d  r i g h t  t h e r e .  People were s t i l l  connecting 
th ings  and t h i s  and t h a t ,  but  t h e  t r a i n i n g  was va l id .  Then 
once t h e  racks  got  moved i n t o  t h e  Spacelab mod-ale, we con- 
t i n u e d  t h e  t r a i n i n g  t h e r e .  I can envision r e a l l y  doing 
t h i s  s o r t  of t h i n g  i n  t h e  l i f e  sciences mission. So i t ' s  
poss ib le  t h a t  t h i s  compression of time we had a t  t h e  end 
h e r e ,  where everything was coming together  a l l  a t  once, 
t h i s  may be  t h e  r e a l  world. So i t ' s  j u s t  poss ib le ,  
although I ' d  l i k e  t o  see  it s t re tched  out  a  l i t t l e .  You 
know, we pu l l ed  it o f f  and everything's  working. Every- 
t h i n g  went we l l  s o  you c a n ' t  knock it.  But on t h e  o ther  
hand, everything had t o  work. And, you know, we cranked 
up t h e  d a t a  system on Monday f o r  t h e  f i r s t  t ime,  we went 
t o  work. We were going t o  f l y  t h e  next week i n  in tegra ted  
s i m s  , and sure  enough it worked. I f  it hadn ' t ,  you know 
th ings  would have been a  - more h u s t l e .  Okay. 

Has anybody - i n  terms of t h i s  i n t e g r a t i o n  t a s k  has someone 
got  any comments o r  quest ions? This i s  r e a l l y  - we're not 
t h e  i n t e g r a t e r s  he re ,  we're t h e  crew. Sut  I can keep going 
and make a  few more p o i n t s  on t h i s  th ing .  

MORRISON Story ,  do you a t t r i b u t e  t h e  l ack  of malfs t o  t h e  q u a l i t y  
of t h ?  hardware o r  t o  t h e  smoothness and t h e  b e t t e r  opera- 
t i o n  of  t h e  i n t e g r a t i o n  t a s k  checkout? 

PITUS GRAVE Yes, i t ' s  got  t o  be both;  they both got t o  work. But i f  
you look a t  t h e  i n t e r f a c e s  - you can look a t  t h e  hardware 
and obviously, i f  t h e  hardware d i e s ,  it d i e s .  But i f  you 
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look a t  t h e  i n t e g r a t i o n  t a s k ,  t h e  complexity of t h i s  hard- 
ware, and t h e  c e n t r a l  d a t a  stream, and t h e  support t h a t  t h i s  
k ind of  hardware required ,  obviously t h e  in tegra t ion  t a s k  
had t o  be extremely wel l  done. 

I t h i n k  t h a t  t h e r e  a r e  probably two answers t o  t h a t  ques- 
t i o n .  One i s  normally t h e  hardware - i n  t e s t  1 we saw i t .  
There a r e  two d j f f e r e n t  phases where you have problems i n  
hardware; one i s  t h e  e a r l y  phase, where you haven't  r e a l l y  
rung it out  good and so  you ' re  g e t t i n g  a l o t  of Sug-type 
c l i n g e r s .  The l a t t e r  phase i s  when i t ' s  g e t t i n g  so o ld ,  
i t ' s  beginning t o  wear out .  We're  so:^ of i n  t h e  middle 
phase, we've got a heck of a l o t  of time on t h e  hardware 
a s  a r e s u l t  of t e s t  1 and, subsequent t o  t h a r ,  PIS had 
b u i l t  up a l o t  of time on t h e  hardware. And it1 s not a t  
t h a t  l a s t  phase y e t ,  where . . . wear out . . . . [ ~ i c r o -  
phone being moved] we're working, i n  some cases,  with 
o lde r  hardware, even though i t ' s  l e s s  soph i s t i ca ted .  I 
wonder about t h e  comparison t o  - Something on t h e  in tegra-  
t i o n ,  one of t h e  th ings  t h a t  we found during t h e  in tegra-  
t i o n  was t h a t  - and i t ' s  something we need t o  c a r r y  orsT 
i n t o  t h e  Spacelab concept I t h i n k ,  i s  t h e  need f o r  f l e x i -  
b i l i t y  i n  l o c a t i o n  of equipment. Now, we worked up I C D ' s ,  
which a r e  f i n e ,  and those  i s o l a t e  t h e  f l u i d  e l e c t r i c a l  
connection points .  And we b u i l t  up an o v e r a l l  s tage  layout 
t h a t  showed now . . . should go. But once we s t a r t e d  i n t o  
t h e  a c t u a l  equipment i n t e g r a t i o n ,  we found t h a t  due t o  
i n t e r p l a y  between experiments and some needs opera t iona l ly  
f o r  l o c a t i o n s  of experiments, we needed f l e x i b i l i t y  to 
allow us t o  change - t o  move experiments within t h e  racks ,  
a s  l a t e  a s  t h a t  l e v e l  3 i n t e g r a t i o n  process. I t h i n k  
t h a t ' s  something we're going t o  - t h a t ' s  going t o  be d i f -  
f e r e n t  fro12 t h e  way i t  was i n  Skyiab espec ia l ly .  But we 
should have t h a t  f l e x i b i l i t y .  I f  it t r u l y  i s  a d i sc ip l ined  
l abora to ry ,  we should have t h a t  f l e x i b i l i t y  and be allowed 
t h a t  f l e x i b i l i t y .  Aad i f  we do, i t ' s  going t o  work out  
very we l l  because we a r e  going t o  be ab le  t o  move equipment 
from one rack t o  another.  And from one loca t ion  t o  another 
without t h e  b i g  h a s t l e  a s  f a r  as o the r  i n t e r f a c e s  - outs ide  
i n t e r f a c e s .  We're i n t e r f a c i n g  with ourselves f o r  a change 
which i s  unusual, and it should work very we l l ,  I th ink .  

I n  response t o  Dennis' quest ion,  I th ink  t h e  r e l i a b i l i t y  
shown i n  t h e  t e s t  i s  a t t r i b u t a b l e  t o  t h e  i n t e r e s t  shown 
by t h e  P I ' S  and PE's i n  helping us shake out t h e  gear .  We 
showed problems t o  them and they got r i g h t  on it and l i k e  
Story  s a i d  it was a logari thmic approach t o  t h e  lau3ch of 



t h a t  th ing .  A week p r i o r  t o  launch, t h e r e  was no way t h a t  
we could have done what we had t o  do f o r  severa l  reasons: 
ind iv idua l  experiments wi th  hardware problems; t h e  datg  
system d i d n ' t  e x i s t ;  you know, we had no i n t e g r a t e d  t e s t -  
ing;  many th ings .  But everyone was working r e a l  hard t o  
make t h i s  t h i n g  go, and a t t e n t i o n  t o  d e t a i l  i n  almost a l l  
cases by t h e  r e s p ~ n s ~ b l e  PI  and PE's i s  what made it go. 
The i n t e g r a t i o n  i s  a separa te  problem. It went very 
smocthly, .but it has nothing t o  do with r e l i a b i l i t y  of 
t h e  experiments except i n  terms of f a c i l i t y  power and such 
th ings  a s  t h a t .  The i n t e g r a t i o n  went much more smoothly 
than I thought it would go, but  again,  it d i d  t h a t  because 
i n s t e a d  of j u s t  handing t h e  gear over t o  a group of  i n t e -  
g r a t i o n  engineers - we d i d n ' t  have t h a t  much manpower a s  
BiLl knows, we j u s t  d i d n ' t  have t h e  people. This time it 
took t h e  P I  and PE coming over and following through t h a t  
i n t e g r a t i o n  t o  make s u r e  t h a t  it went well .  

CLARK The cosmic-ray experiment and in tegra t ing  t h a t  i n t o  t h e  
t e s t  - it was a case of coming i n  with a package t h a t  was 
ready,  and our people e s s e n t i a l l y  i n s t a l l i n g  it. But 
t h e r e  was a l o t  of work t h a t  went i n t o  it and t h e r e  was a 
l o t  of support t h a t  was provided by DE personnel and t h e  
Northrop personnel over t h e r e  t h a t  r e a l l y  a s s i s t e d  us and 
made our job e a s i e r ;  made our job very easy t o  i n t e g r a t e  
our payload i n  t h i s  t e s t .  And we r e a l l y  do apprecia te  t h e  
cooperation and t h e  a s s i s t a n c e  t h a t  we d id  ge t  i n  it. We 
t h i n k ,  from my point  of view, t h a t  we learned a l o t  a s  f a r  
a s  opera t ion i s  concerned, a  l o t  about S h u t t l e  opera t ions  
t h a t  we need t o  know i n  t h e  fu tu re .  

MUSGRAVE I t h i n k  we can exerc i se  t h e  i n t e g r a t i o n  process a l o t  more 
i n  t h e  f u t u r ?  by g e t t i n g  experixents  from f u r t h e r  ou t s ide ,  
l i k e  from Ames o r  o ther  cen te r s  o r  f r o m t h e  u n i v e r s i t i e s  
and o t h e r  people who have been p r i n c i p a l  i n v e s t i g a t o r s  i n  
t h e  pas t  and t h a t  s o r t  of th ing .  That ' s  what t h e  f u t u r e  
i s  going t o  be ,  you can envis ion,  you know, experiments 
coming from a l l  over t h e  p lace .  Rrid t h e  P I ' S  and PE's ,  
and t h e  engineers we've got on these  experiments we i n t e -  
g ra ted  t h i s  t ime,  t h e y ' r e  a l l  very smart, very sharp 
people,  and they 've  had experience with space f l i g h t .  Even 
then it took a l o t  of doing t o  get  up t o  fly t h i s  th ing .  
It wasn't  l i k e  it was automat,ically r i g h t  t h e r e  because 
t h e s e  people were EASA peoplc f o r  t h e  xos t  p a r t ;  we did  
have some outs ide  experiment:;. I th ink t h a t  would exerc ise  
t h e  i n t e g r a t i o n  process and 1,11c coordination process a l o t  
more, t h e  more we get  exper i mmts from t h e  outs ide .  Xow I 



know we've got  a problem doing t h a t  r i g h t  now because - 
D r .  D i e t l e i n  could  addres s  t h a t  b e t t e r  t han  I can, b u t  
t h e y  d o n ' t  vant us t o  g e t  i n t o  s o l i c i t i n g  experiments f o r  
f l i g h t  t h i s  e a r l y  on. They want u s  t o  s t a y  i n  house, i n  
te rms  o f  t h e s e  s imu la t ions  r i g h t  now. But i f  you look  a t  
t h e  Base l ine  Ops p l a n ,  you - t h e r e ' s  an  awful. l o t  o f  
r e s p o n s i b i l i t y  f o r  g e t t i n g  payloads up t o  f l i g h t  cond i t i on .  
I t ' s  t h e  r e s p o n s i b i l i t y  of  t h e  payload o rgan iza t ion  no t  
f o r  NASA, b u t  I j u s t  d o n ' t  t h i n k  i t ' s  going t o  happen t h a t  
way. We've go t  so  much exper ience  I n  space f l i g h t ,  I 
t h i n k  we need a mechanism f o r  be ing  a51e t o  pas s  on t h e  
smar t s  i n  t h i s  i n t e g r a t i o n  p roces s ,  xhst  it t a k e s  t o  move 
a l a b o r a t o r y  experiment from t h e  1abo1-ator-r t o  be ing  
f l i g h t r e a d y .  I t h i n k  we need t h e  nechanisrn and t o  be 
a v a i l a b l e  f o r  h e l p i n g  ou t  t h e  o u t s i d e  P I ' s  and pa j loads  
o r g l n i z a t i o n s  any t ime t h e y  need t h a t  k ind  o f  he lp .  We 
need  some v e r y  smar t ,  w i t h  good d e t a i l ,  u s e r ' s  guides.  
Not j u s t  l i k e  I C D ,  t h e s e  a r e  t h e  requirements  your expe r i -  
ment ' s  go t  t o  meet,  b u t  a s o r t  o f  an o p e r a t i o n a l  u s e r ' s  
gu ide  t h a t  t e l l s  t h e  P I ' s  blow by blow what ' s  going t o  b e  
invo lved  i n  f l i g h t ,  we need t h a t  k ind  o f  t h i n g .  

CLARK I ' d  l i k e  t o  comment on t h a t  one a minute.  As f a r  a s  t h e  
documentation t h a t ' s  ou t  on payload accommodation, t h e r e ' s  
payload  accommodation documents ou t  f o r  Spacelab,  f o r  
O r b i t e r  systems. There needs t o  be  a comparable document, 
as you s a y ,  f o r  t h e  o p e r a t i o n s .  The amount o f  d e t a i l  and 
t h e  informat ion  t h a t  we needed t o  provide  t h e  va r ious  mem- 
b e r s  o f  t h e  t e s t  o p e r a t i o n s  team f o r  our  experiment t o  g e t  
i t  i n t o  t h i s  s imu la t ion  - nowhere i s  t h e r e  a document t h a t  
t e l l s  what i s  needed and who needs what in format ion .  There 
needs t o  b e  a t y p e  o f  document f o r  t h e  o p e r a t i o n a l  accom- 
modations as w e l l  a s  t h e  p h y s i c a l  payload accommodations. 

MUSGRAVE Another t h i n g  t h a t  comes i n t o  mind i s  common-type hardware. 
We a r e  going,  and I guess  we need t o  have t h i s  c s p a b i l i t y  
o f  t a k i n g  anybody's experiment ana p u t t i n g  it i n ,  bu t  i f  
you env i s ion  l i k e  - and Bob you can say  something about  
i t ,  t h e  new CAmC t y p e  o f  hardware, where f o r  each k i n d  of  
f u n c t i o n  you have,  you know, from s t a r t i n g  w i t h  t h e  t r a n s -  
ducer  and a l l  t h e  way t o  t h e  t ape reco rde r  o r  what e l s e  
you have,  you have common modules, common f u n c t i o n a l  
modules, preamps, amps, and a l l  t h e  r ~ s t  of  t h a t  s t u f f .  
Now i f  you had experiments t h a t  u t i l i z e d  t h i s  kind of 
concept ,  t h e  f l e x i b i l i t y  it would give you would be almost 
i n f i n i t e .  And t h e  c a p a b i l i t y  t o  change out  one f o r  t h e  
o t h e r  o r  t o  c a n n i b a l i z e  oce ex2eririent jus t  t e i z p o r ~ r l l y  
t o  g e t  ano the r  one working o r  t o  reduce a t o t a l  number. you 



need so t h a t  you can use t h e  same system f o r  a  whole bunch 
of d i f f e r e n t  experiments, I t h i n k  t h i s  i s  something t o  
pursue. 

CLARK On t h i s  s imula t ion,  t h e r e  were four  PDP-8/~'s  on t h e  t e s t .  
The ones f o r  t h e  cosmic-ray payloads was running 24 hours 
a  day doing one funct ion,  but  t h e  o the r  t h r e e  were each 
dedicated t o  a  d i f f e r e n t  t a s k  and were a l l  used a t  separa te  
t imes.  With common i n t e r f a c e  systems, you have a  l o t  of 
cos t  savings ,  a l o t  of opera t iona l  savings,  and a  l o t  of 
savings on i n t e g r a t i n g  t h e  experiments together .  And 
t h e s e  s tandards  do e x i s t ,  and we would l i k e  t o  make people 
more aware of what t h e s e  standard i n t e r f a c e s  s r e  and how 
they would opera te .  The P I ' S  could t ake  a  look a t  it i n  
evaluat ing equipment f o r  f u t u r e  use. This p a r t i c u l a r  con- 
cept  i s  a l o t  f u r t h e r  along i n  Europe than it i s  here  r i g h t  
now. CAMAC has  implemented'very heavily i n  Europe, but  it 
has not r e a l l y  s t a r t e d  t o  grow over here very much y e t ;  
i t ' s  j u s t  g e t t i n g  s t a r t e d .  I t ' s  being used i n  a  l o t  of 
i n d u s t r i a l  processing p l a n t s  and i n  t h e  na t iona l  labora-  
t o r i e s ,  Argon National  Lab, Oak Ridge, e t  c e t e r a .  But I 
th ink  t h e r e ' s  a  tremendous cos t  savings and opera t ional  
sa~r ings  t h a t  would be a v a i l a b l e  f o r  S h u t t l e  i f  something 
l i k e  t h i s  was implemented. 

MUSGRAVE I ' m  s t i l l  under t h e  b i g  heading of  in tegra t ion ,  and some 
of t h e s e  t h i n g s  won't seem t o  f i t  here so we l l ,  but  I ' d  
end up wi th  100 headings i f  I addressed it any other  way. 
I n  terms of  l i f e  sc iences  dedicated missions, my own 
f e e l i n g  i s  t h a t  t h i s  t h i n g  s t i l l  supports t h e  idea  t h a t ,  
even though we sure  l e a r n  an awful l o t  more having 2 mixed 
d i s c i p l i n e  mission,  which w e ' l l  ge t  i n t o  i n  t h e  d e t a i l s  - 
But I s t i l l  t,hink t h i s  was a ,  you know, a horrendously b i g  
mission wi th  a  very l a r g e  physica l  science payload a s  we l l  
a s  a  very l a r g e  l i f e  sc iences  mission. I n  genera l ,  l i f e  
sc iences  ought t o  group t h e i r  experiments ins tead  of 
spreading them out over many f l i g h t  oppor tuni t ies .  However 
many f l i g h t  oppor tun i t i e s  they g e t ,  t h e y ' r e  going t o  do 
b e t t e r  t o  group them toge the r  i n t o  very l a r g e  ones ins tead  
of spreading them out  f o r  severa l  reasons. One i s  t h a t  you 
can compare d a t a  you get  on one experiment with t h e  data  
you get  on another experiment. Like i f  one human being i s  
t h e  sub jec t ,  you run him on one experiment, l i k e  t h e  cardio- 
vascular  one, and  yo^ run him on t h e  pulmonary ones, and 
you run him on t h e  biochemical ones. You compare t h e  da ta  
t h a t  you get  t h e r e  ins tead  of f l y i n g  them on separa te  
missions where you don' t  have t h e  sane subject  and a t  t h e  
same t ime.  Also i n  terms of t h e  crew, t h e  d i s c i p l i n e  



t r a i n i n g  of t h e  crew, t h a t ' s  another reason f o r  grouping 
them t o g e t h e r ,  a s  we l l  a s  I s t i l l  t h i n k  a l i f e  sciences 
mission should be a s i n g l e - s h i f t  mission ins tead  of a  two 
s h i f t .  A s  - well ,  yes a l l  - Bob brought t h a t  up, I ' l l  
address  t h e  s h i f t  business.  The l i f e  sc iences  sub jec t s ,  
whether human, r a t s  , dogs, p l a n t s  , amoebas, whatever, 
looking a t  what we've had i n  t h e  l a s t  two s i m s ,  t h e  sub- 
j e c t s ,  if you s h i f t  t h e i r  c i rca2 ian  rhythms, you might a s  
w e l l  throw out  t h e  data .  I t ' s  bad enough being on one 
s h i f t .  The data ,  and we've had some r e a l l y  f i n e  l e v e l  da ta  
on t h e s e  experiments, you could see a tremendous d i f ference  
whether an experiment was run a t  99:G 10:OO i n  t h e  
morning when Chuck a r r ived ,  o r  run a t  6 o r  o 'clock a t  
n i g h t .  The cardiac  outputs  a r e  an example. Any time you 
r a x  them i n  t h e  e a r l y  norning they were running about 5 
o r  6 l i t e r s  per  minute on us ,  and t h e r e  was some quest ion 
a s  t o  whether they were v a l i d .  But any t i x e  those th ings  
a r e  run i n  t h e  l a t e  evening, we were running 8 o r  9 l i t e r s  
pe r  minute. That '  s  a  tremendous d i f fe rence .  And t h e r e  was 
no p l o t ,  we can ge t  t h e  d a t a ' s  t h e r e ,  but  these  th ings  
were very obviously were coming t o  us .  And we d idn ' t  have 
a h e a r t  r a t e  readout,  bu t  i f  you look a t  t h e  average hear t  
r a t e  a t  8 : O O  o r  9:OO i n  t h e  morning versus 8:00 o r  9:OO o r  
10:OO o r  1 1 : O O  o r  we were even working a t  midnight some- 
t imes ,  t h a t  da ta  i s  r e a l l y  d i f f e r e n t ,  bu t  you can f l i g h t -  
p lan  t o  have an experiment run a t  t h e  same time each day. 
But i f  you ge t  i n t o  two-shift opera t ions  and you s h i f t  a  
guy, you s h i f t  h i s  c i rcad ian  rhythm, and you say, w e ' l l  
s h i f t  him 2 weeks before  launch, but  you know what th ings  
a r e  l i k e  prelaunch. You c a n ' t  s h i f t  a  guy prelaunch 
because h e ' s  p a r t  of  t h e  i n t e g r a t i o n  process.  An2 I j u s t  
d o n ' t  t h i n k  we can go up t o  launch dey with a crew working 
during t h e  n igh t s  and s leeping during t h e  days because t h e  
r e s t  of  t h e  world i s n ' t  t h a t  way. So I think f o r  l i f e  
sc iences  - a mission t h a t  i s  very heavy i n  l i f e  sc iences ,  
we ought t o  be th inking about a  s ing le - sh i f t  ty-pe mission. 

Now i n  terms of s h i f t s ,  t h e  way I look a t  t h i s  one - and, 
of course,  o the r  people can make a s  many contr ibut ions  
towards t h i s  discussion a s  I can - but t h e  way t h a t  I look 
a t  t h i s  mission we' d have got  more j u s t  looking a t  t h e  
package we had. We'd have got ten  more out  of it i n  terms 
of  s c i e n t i f i c  r e t u r n s ,  we'd have got ten  a l o t  more out of  it 
i f  we had flown i t  a s  a s ing le - sh i f t  mission ins tead  of two 
s h i f t .  In  o ther  words, having Bob on t h e  same s c h e d d e ,  
we a r e  working 16  hours and s leeping 8 ,  d i d n ' t  s leep 8 very 
of'ten, but  they flight-p:a~.ned it t h a t  way. I th ink we 
would have got ten  a l o t  more out  of it. And you could have 



CLARK 

cycled one crewman, say he 's  the  one t h a t ' s  going t o  - a l l  
t he  SAA's were during the  daytime, it turned out those 
were t h e  o r b i t a l  charac ter i s t ics ,  so we got a l l  the  SAA1s 
while, it turns  out Bob wasn't always s l ~ e p i n g  when he was 
supposed t o  be sleeping, so he got some of them too - But 
m y  looking a t  t h e  package I think we'd have gotten a whole 
bunch more out of the  whole mission i f  we'd a l l  been on 
t h e  same s h i f t .  And every t h i r d  night you can have one 
crewman who would wake up every 3 hours and do the  moni- 
tor ing  function i f  they r ea l ly  wanted t o  monitor it every 
2 o r  3 hours. It turns out, when he was sleeping a l l  we 
were ge t t ing  were SAA's and monitoring functions anyway. 
In  other words, we weren't - the payload was doing i t s  
own thing. So I think we'd have gotten much more out of 
t h i s  mission - we wanted t o  do it on t h i s  sim because we 
learned a whale of a l o t ,  we r ea l ly  learned a l o t .  Having 
a two-shift operation i s  a l l  kinds of problems tha t  we 
knew were the re  before we did them, but we had t o  demon- 
s t r a t e  them. How do you f e e l  about tha t?  

I think we learned a l o t  about the  two-shift operation, 
par t icu lar ly  i n  the  t r a f f i c  i n ' t h e  middeck and the  habit- 
a b i l i t y  and things l i k e  tha t .  But tha t  off s h i f t  was 
rough; I never could adjust over t o  t h a t  sleep cycle. I 
t r i e d  - I s t a r t e d  out the  Friday before the  t e s t  t rying 
t o  change over and jus t  never could change. What made it 
par t icu lar ly  tough was the  fac t  t h a t  I was the  only one 
up. I f  there  had been a commander o r  p i lo t  onboard, such 
as there  had been somebody e l se  up a t  t ha t  time, it may 
have made it eas ier ,  but I don't think it would have made 
a heck of a l o t  of difference. 

I t ' s  not as  simple as  just  as ,  you know, down here when , 
we've had t h e  s h i r t  work i n  the  mission control o r  some- 
thing l i k e  t h a t .  There i s n ' t  anybody tha t  ever s lept  
through turning the  waste management system on, there i s n ' t  
one instance where t h a t  was turned on tha t  a crewman didn't 
wake up. It not only woke you up, it ro l led  you out of 
bed. So t h a t ' s  another - i t ' s  a habitability-type thing 
we learned. The ambient noise l eve l  on the  Shuttle i s  
going t o  be much louder than what we had i n  here, so the  
impact of turning the  oven o r  the  waste management system 
on w i l l  be s l igh t ly  l e s s .  13ut I guess I 'll get into 
hab i t ab i l i t y  a l i t t l e  b i t  l a t e r .  But I think we've made 
a l o t  of contributions or  pointed out a l o t  of problems 
of what we need i n  terms of - take a look a t  what the 
noise leve ls  a re  i n  the  ECS o r  the  Orbiter - or  what the  
noise leve ls  - t o  r ea l ly  consider noise levels  i n  waste 



management systems and ovens and t h i s  s o r t  of th ing .  And 
a l s o  t o  design t h e  s l e e p  s t a t i o n s  with soundproofing types  

' of  w a l l s ,  b l anke t s ,  whatever, and - so  t h a t  t h e  crewmen 
can be p r e t t y  w e l l  cocooned. He could have h i s  own venti-  
l a t i o n ,  b u t  he  i s  sea led  i n  from l i g h t  and noise ,  a s  we l l  
as poss ib le .  So t h a t  s h i f t  i s  not a  simple c i rcadian 
s h i f t ,  i t ' s  a l s o  t r y i n g  t o  s l e e p  when other  people a r e  
banging around, and a l s o ,  when ueople were s leeping i n  
t h e r e .  Now we perturbed our own opera t iona l  schedule 
because we knew he was s leeping i n  t h e r e .  I n  o ther  words, 
we h e l d  o f f  using t h e  waste management system. Chuck and 
I were e a t i n g  lunch - I guess day 6 we ? t e  lunch around 
8 o r  9 o 'c lock a t  n igh t ,  o r  something l i k e  t h a t .  We were 
out  t h e r e  running so hard we forgot  i t ,  but  w e  always put  
o f f  lunch when we was i n  t h e r e  s leeping because otnerwise 
we'd be groping around i n  t h e  dark t h e r e .  And we'd grope 
around i n  t h e  dark and b r ing  some food out  i n t o  Spacelab 
and e a t  it out  the re .  So you ' re  not  j u s t  going t o  bang 
around and when a  guy needs s l e e p  t h a t  bad. You're not 
going t o  bang around i n  t h a t  p lace  and t u r n  ovens on and 
do a l l  t h a t  and wake him up when h e ' s  i n  r e a l  need of 
z leep.  So we needed t o  do a  two-shift operat ion.  We 
lea rned  an awful l o t ,  but  I t h i n k  f o r  t h i s  mission we would 
have go t t en  a  l o t  more i f  we'd put  everybody on t h e  same 
s h i f t  . 
The coordinat ion of a l l  t h e  events t h a t  happened was 
abso lu te ly  outstanding,  but  t h e  t r a i n i n g  o f f i c e  d id  a  
good - t h e  coordination was r e a l l y  outstanding t h i s  t ime.  
The t r a i n i n g  coordinater  i s  supposed t o  coordinate t h e  
t r a i n i n g ,  b u t  when you get  r i g h t  down t o  i t ,  what t h e  
crew i s  doing and how t h e  crew i s  meeting t h e  P I ' S  and t h e  
payloads and a l l  t h a t  s t u f f ,  it kind of d r ives  everything 
e l s e .  So I t h i n k  it t u r n s  out  t h a t  t h a t ' s  what coordinates 
everything,  and it was absolute ly  outstanding t h i s  t ime.  
There wasn' t  a  s i n g l e  incidence [ s i c ]  of when we showed 
up t o  have a t r a i n i n g  sess ion or, a  given experiment - t h i s  
t ime t h e r e  wasn't  a  s i n g l e  missed event. I n  o ther  words, 
t h e r e  wasn' t  a  s i n g l e  time throughout t h a t  we showed up 
f o r  t r a i n i n g  t h a t  t h e  P I  wasn't  t h e r e ,  t h a t  he hadn ' t  been 
expecting it f o r  days; t h a t  he wasn't  t h e r e  and ready. We 
had severa l  ins tances  l a s t  time where we'd show up a t  
8 o ' c lock  i n  t h e  morning f o r  +ra in ing  sess ion ,  and f o r  
t h r e e  o r  four  experiments t h a t  day, t h e  P I  d i d n ' t  even 
know he was on. And we'd ge t  on t h e  telephone and t r y  t o  
regroup. The coordination t h i s  time was outstanding.  In  
terms of  t h e  p a r t i c i p a t i o n ,  t h e  i n t e g r a t i o n  of t h e  crew, 
I t h i n k  it would have been, we should have had a t  l e a s t  a  



p i l o t  on t h i s  - CDR/PLT, i f  you've got  both of  them t h e r e  
j u s t  i s n ' t  enough O r b i t e r  work and you ge t  i n t o  a s i t u a t i o n  
where someone's j u s t  s i t t i n g  t h e r e  twiddling h i s  thumbs 
because h e ' s  doing Orb i t e r  work. But we could have t h i s  
t i m ? ,  we could have s a i d  t h a t  l i k e  t h e  commander does a l l  
t h e  Orb i t e r  work and t h e  p i l o t  will be a v a i l a b l e  f o r  pay- 
l o a d  opera t ions .  And we could have done t h a t  and t h e  
reason we d i d n ' t  i s  - t h e r e  were bodies a v a i l a b l e ,  t h e r e ' s  
engineering-type p i l o t s  you've got t o  come i n  and f l y  a s  
a p i l o t .  But I approached everyone i n  CB and CA - I 
approached them f i rs t  of  a l l  t o  ask them, how much t r a i n -  
i n g  would you want t o  dedicate  i f  you a r e  f l y i n g  a l i f e  
sc iences  mission. I s a i d ,  I ' m  th ink ing  about 100 hours; 
t h a t ' s  my rough hack at  how much t r a i n i n g  a p i l o t  ought t o  
g e t  toward payload opera t ions .  And I cou ldn ' t  ge t  any 
answers even on how much t r a i n i n g .  I s a i d ,  we l l ,  i f  you 
d o n ' t  l i k e  100, i t ' s  50, 150, whatever you a l l  t h i n k ,  
and I wasn't  g e t t i n g  any answers. And t h a t ' s  r e a l l y  why 
we d i d n l t a h a v e  a p i l o t  on t h i s  one because people were 
not  - they  wouldn't  say how much t r a i n i n g ,  they wouldn't 
how much time i n f l i g h t  they wanted t o  p a r t i c i p a t e  i n  t h e  
payload. When I t h i n k  - when we get  down t o  f l y i n g ,  t h e  
commander and p i l o t  a r e  going t o  mean an awful l o t  i n  
terme of  payload opera t ions .  If you look a t  what Ben's 
g o t ,  t h e  f l i g h t  p lan  and do t h e  maximum, a nominal o r b i t a l  
opera t ions  w i l l  be 5 hours a day. And t h a t  leaves  a l o t  
of  t ime f o r  payload opera t ions ,  Now t h e  BOP'S j u s t  don' t  
show them doing much payload opera t ions .  But, you know, 
what e l s e  a r e  t h e y  going t o  do up t h e r e ?  And we need i t ,  
we r e a l l y  could of used commander and p i l o t  types  a s  sub- 
j e c t s  i n  t h e  payloads,  but  a l s o  on severa l  of  them they 
could be good opera to r s  o f  p a r t s  of  t h i s  payload. 

CLARK A comment on t h a t .  On our experiment, it would have been 
opera t iona l ly  much b e t t e r  t o  use t h e  commander and p i l o t  
f o r  t h e  monitoring funct ion and f o r  t h e  South At lan t i c  
anomaly. The t r a i n i n g  t h a t  we used on our payload f o r  
Chuck and S to ry  was l i k e  6 hours a t  l e a s t ,  somewhere along 
t h e r e .  Is t h a t  about r i g h t ?  Maybe smaller .  

MUSGRAVE Well, I don ' t  t h i n k  i t ' s  smal ler ,  6. 

CLARK Around 6 hours t r a i n i n g  on t h a t  payload. The commander 
and p i l o t  would be on t h e  f l i g h t  deck and would be t h e  
l o g i c a l  ones t o  do t h a t  operat ion and it would have - t h e  
impact on t h e  l i f e  sc iences  experiments would not have 
been t h e r e  had a commander of our experiment - had a com- 
mander o r  p i l o t  been i n  t h e  simulat ion.  And we could have 



got  more d e t a i l  moni tor ing ,  we could  have got  more obser-  
v a t i o n  o f  t h e  payload i n  f l i g h t  i f  t h e  commander and p i l o t  
had been i n  t h e  s i m .  

MUSGRAVE Thi s  b r i n g s  up t h e  whole ques t ion  o f ,  how you d i v i d e  
t h e  l a b o r  between t h e  c r e m e n ?  And you've go t  Base l ine  
Ops p l a n s  t h a t  d e l e g a t e  p r e t t y  s p e c i f i c a l l y  what each 
person  i s  going  t o  b e  doing,  an2 I guess  you have t o  have 
them r i g h t  now. B l ~ t  I hope t h a t  when we g e t  down t o  f l y -  - i n g ,  you throw a l l  t h e  crewmen t o g e t h e r ,  and a t  t h a t  xime 
you a s s e s s  how good t h e y  a r e  a t  d i f f e r e n t  t h i n g s .  :low Bob 
was - once we got  on i n t o  it, and wc g ~ 5  8 l i t t l e  t r a i n -  

- i n g ,  we g o t  a  l ook  at exposure,  we g c t  a  1c;x at - t he  

same a s  last  t ime  - crew mot iva t ion ,  you could .:l-o t a l e n t  
a r i s i n g  i n  te rms  of g e t t i n g  exposed t o  t h e s e  d i f f c e n t  
payloads .  And Bob, t h e  p h y s i c a l  s c i ence  PS, he was prime 
on two o f  t h e  l i f e  s c i ences  experiments .  Well,  t h e  BOP'S 
d o e s n ' t  show t h a t .  It i s n ' t  reasonable  t o  make a  p h y s i c a l  
s c i e n t i s t  t h e  prime guy, t h e  systems e x p e r t ,  on two l i f e  
s c i e n c e s  experiments .  But h i s  be ing  a  nuc lea r  chemist - 
t h e  c a r d i a c  output  one involved  r a d i o i s o t o p e s ,  who i s  
t h e r e  b e t t e r  t o  do t h a t ,  i n  terms o f  be ing  t h e  systems 
e x p e r t ?  And i n  terms o f  t h e  s t e r eomet r i c  photographs,  
t h o s e  were t h i n g s  we wanted t o  g e t  a t  t h e  same t ime each 
dtiy, t h e  b a s e l i n e  s t a t e  r i g h t  a f t e r  t h e  f i r s t  vo id  o f  t h e  
morning. And h i s  be ing  up a t  n i g h t ,  he was t h e  l o g i c a l  
person t o  have a l l  - bo th  o f  t h o s e  a l l  s e t  up i n  t h e  
morning, s o  t h a t  we could run  ou t  t h e r e  and do them. 
Also,  he  p a r t i c i p a t e d  w i t h  t h e  P I ,  one of  t h e  P I ' S  i n  t h a t  
experiment ,  i n  photographing l u n a r  rocks .  It t u r n s  ou t  

- 
he was a n a t u r a l  expe r t  i n  bo th  of  t h o s e  a r e a s .  I j u s t  
don ' t  t h i n k  t h a t  i n  terms o f  - when you g e t  down t o  f l y i n g  
a s p e c i f i c  miss ion ,  I d o n ' t  t h i n k  you ought t o  l e g i s l a t e  
e a r l y  on what everybody's going t o  do. You've got  t o  l e t  . t h e  crew shake it o u t ,  and you've got  t o  l e t  t h e  d i v i s i o n  

of  l a b o r  k i n d  o f  evolve a s  people g e t  i n t o  t h e  t a s k .  I 
t h i n k  one o f  t h e  major victories - iri f a c t  I don ' t  t h i n k  

- I ' v e  eve r  been so  e x c i t e d  about s o r ~ e t h i n g ,  I was y e l l i n g  
and screaming i n  t h e r e .  I d o n ' t  t h i n k  I ' v e  been so  e l a t e d  
t h a t  it w a s  equa l  t o  any o t h e r  t h i n g  s i n c e  I ' v e  worked 
w i t h  NASA. When I - unfo r tuna te ly ,  I was s t r apped  t o  t h e  
t a b l e .  You know, when something goes wrong, I l i k e  t o  g e t  
up and g e t  going and g e t  l n t o  it. And it h u r t  me t o  b e  
s t r a p p e d  on t h e  t a b l e .  I c o u l d n ' t  go anywhere because I 
had w i r e s  running from everywhere. When t h e  ground i s  
saying  t h e y  c a n ' t  g e t  VGX jown there, boy t h e s e  g u y s  - 
Bob whips over  t o  ca rd i ac  output  and h e ' s  p u l l i n g  B and C 
connectors  o f f  o f  t h a t  t h i n g  t o  make s e r i e s  and s e r i e s  t o  



g e t  enough wire t o  go from t h e  FR 1300. He's on t h a t  end 
of  it. And Chuck's hooking it up t o  t h e  v e s t i b u l a r  CRT. 
This i s  t o  prove t h a t  we had a  vectorcardiogram, so what 's 
t h a t  got  t o  do with v e s t i b u l a r ?  But t h e  smarts were t h e r e ,  
and i n  no t ime a t  a l l  we t o l d  t h e  ground, hey, i t ' s  t h e r e ,  
we a r e  g e t t i n g  it t o  t h e  t ape  recorder .  Well, so what 's  
Bob got  t o  do wi th  l i f e  sciences? What i s  he doing down 
t h e r e  working a  malfunction on a  l i f e  sc iences  experiment? 
T h a t ' s  t h e  l e s son ,  t h a t  you don ' t  know who's going t o  be 
t h e  expert  and t h e r e ' s  t imes - I mean he had it.  The 
guys put  it toge the r  and I ' m  y e l l i n g  and screaming. It 
w a s  f a n t a s t i c .  The speed with which t h a t  happened and t o  
be using d i f f e r e n t  experiments t o  come up with t h e  hard- 
ware and t h e  mixed d i s c i p l i n e  crew working toge the r ,  t h e  
l e s son  was r e a l l y  t h e r e .  And t h e r e ' s  times we're going 
t o  be f l y i n g ,  coinmanders and p i l o t s  - We're going t o  have 
people l i k e  Bruce McCandless, who's equal t o  a  Ph. D .  i n  
e l e c t r i c a l  engineering,  t h a t ' s  going t o  come down t h e r e  
and be a b l e  t o  r e a l l y  con t r ibu te  t o  working malfunctions 
i n  l i f e  sc iences  haraware. O r  you look at any of t h e  r e s t  
of t h e  guys who a r e  t y p i c a l  commanders and p i l o t s  - So 
you've got t o  look at each ind iv idua l ,  I don' t  th ink  you 
ought t o  l e g i s l a t e  and l a y  t h e  groundr711es down f o r  who's 
going t o  be doing what u n t i l  you p u l l  t h a t  crew toge the r .  
And throughout t h e  l a s t  t e s t  and t h i s  one, those  kind of  
t h i n g s  were t h e r e .  

CLARK The way t h a t  p a r t i c u l a r  malfunction was worked, I was 
down t h e r e .  Chuck made t h e  f i r s t  comment, " ~ e t  ' s  ge t  some 
cables ,"  and we s t a r t e d  looking f o r  t h a t .  It was Chuck's 
i d e a ,  he came up wi th ,  on g e t t i n g  t h e  cables and s t a r t i n g  
t o  work t h a t .  And we j u s t  worked it toge the r .  

MUSGRAVE And l ikewise ,  i f  you look a t  t h e  BOP'S, what 's  t h e  inission 
s p e c i a l i s t  supposed t o  be doing? Well, I ' m  supposed t o  
p a r t i c i p a t e  i n  payloads a t  t h e  d i s c r e t i o n  of t h e  payload 
organizat ion.  Tha t ' s  what t h e  BOP'S says. In  o the r  
words - So I suppose I don ' t  know whether I hsd t h e  d is -  
c r e t i o n  of t h e  payload organizat ion t h i s  t ime.  But I 
r e a l l y  t h i n k  we need t o  t a k e  a  look a t  those  kind of th ings .  
The mission s p e c i a l i s t ,  he ought t o  be t ak ing  ca re  of t h e  
waste management system, and t h e  cooking, and t h e  cleaning 
up and a l l  of  t h a t  s t u f f .  The l a s t  day, I t h i n k  it was - 
w a s  it day 7 - I heard it a l l  t h e  way - I was back i n  t h e  
Spacelab, I was doing a  chromatograph or  something, and I 
heard it a l l  t h e  way from t h e r e .  Chuck comes i n  and I 
d o n ' t  know what t h e  exact  words were, but everyone looks 
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a t  Bob and he  says ,  "My God, a r e  you cleaning up a f t e r  
him again?" [ ~ a u g h t e r ]  No, I was t a l k i n g  about t h e  food 
on m y  t r a y  and a l l  t h e  l e f t o v e r  bags and a l l  t h a t  s t u f f .  
But it g e t s  down t o  t h a t  t h e r e  wasn't  a  s i n g l e  i r r i t a b l e  
moment throughoat t h e  7 days. Everything went smoothly, 
t h e r e  was humor, t h e r e  was fun, t h e r e  w a s  p lay ,  t h e r e  was 
l augh te r ,  and y e t  a l l  t h e  wrj-k got done, and it got done 
r i g h t .  And t h e  a l l o c a t i o n  of l z b o r ,  it J u s t  s h i f t e d  out  
t o  who had t h e  time t o  do th ings .  And it turned out Bob 
had h i s  payload and command and he had a  l i t t l e  more e x t r a  
t ime,  o r  maybe considerably more extra t ime than Chuclr 
a d  I d id ,  s o  he got  more of t h e  housekeeping-type t a s k s .  

I th ink  l i v i n g  i n  - again ,  t h i s  came out of t h e  l a s t  one - 
I t h i n k  l i v i n g  i n  was extremely important i n  terms - t h a t  
it w a s  p a r t i c u l a r l y  important t h i s  time t o  exerc ise  habi t -  
a b i l i t y  a s p e c t s ,  t h e  personal  hygiene, t h e  noise  of t h e  two 
s h i f t s ,  t h e  food, and a l l  t h e  r e s t  of t h a t .  But i t ' s  
extremely important ,  I t h i n k ,  t o  f i n d  out what a  man can 
do. You can work 24 hours a day, one day, but  you c a n ' t  
do it a l l  t h e  days i n  terms of crew performance. We got  
up, we'd f e e l  absolute ly  t e r r i b l e ,  it was horrendous how 
bad we'd f e e l  g e t t i n g  up i n  t h e  morning. I mean t h a t  f i r s t  
few minutes was r e a l l y  . . . how bad we f e l t .  But somehow, 
you know, w e  got  going on th ings  and wi th in  t h e  f i r s t  
hour we were up and running again and f e e l i n g  good. I 
don ' t  know how i n  t h e  - we got  f e e l i n g  so good from so bad, 
so f a s t .  

I t ' s  a  psychological  t h i n g  t h a t  I ' v e  found between t h e  
time we d i d  t h e  2 days bf i n t e g r a t e d  t e s t s  and we walked 
out of t h e r e  t h e  n ight  of t h e  f i r s t  day and went home f o r  
6 hours,  o r  5 hours,  o r  whatever it was, and came back 
and s t a r t e d  again t h e  next morning. You don' t  ge t  i n  t h e  
swing of th ings  l i k e  you do when you - t h e  door shuts  and 
t h a t ' s  it. You know you're not leaving t h e  th ing ,  t h e  
mockup, you ' re  going t o  be t h e r ? .  And by t h e  time we were 
i n t o  t h a t  2 o r  3 days, t h e  air-to-ground communication 
was s o  r e a l i s t i c  from my experiences l i s t e n i n g  on t h e  
g romd during t h e  Skylab, f o r  ins tance ,  t h a t  you ge t  
psyched out  t o  where, u n t i l  somebody would drop a wrench 
outs ide  o r  you'd hzar  t h e  door shake due t o  t h e  wind, 
you'd r e a l l y  f e e l  f o r  a  time t h a t  you were a c t u a l l y  f ly ing  
and I t h i n k  it makes a  b i g  d i f ference  i n  s e t t i n g  t h e  RGOG 

of t h e  whole t e s t .  You're not th inking about what you ' re  
going t o  do when you walk out t n a t  evening, o r  wka"; ysur  
opt ions  a r e ,  because t h e r e  a r e n ' t  any. You're t h e r e .  
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And it helped. And I d idn ' t  l i k e  - t h a t ' s  t h e  t h i n g  I l i k e d  
t h e  l e a s t  when we were going i n t o  t h a t  t e s t ,  w a s  t h e  idea  
of being caged up there .  But I t h i n k  it was most benef ic ia l  
i n  re t rospect .  And one day about t h e  t h i r d  o r  four th  
day i n t o  t h i s  t e s t ,  S tory  and I were s i t t i n g  t a l k i n g  and I 
sa id ,  you know, based on m y  experience so f a r ,  I th ink  
t h a t  an individual  needs-about 4 days under t h e s e  condi- 
t i o n s  t o  run t h e  payload. And he s a i d ,  you know I f igured 
t h a t  out  a year  ago. And it w a s  an empirical  t h i n g  t h a t  
t h e  amount of  time required we both t h i n k  i s  f a i r l y  s i m i -  
l a r .  You have t o  have t h a t  experience with no one e l s e  
walking i n  t o  hand you something, o r  do something f o r  you, 
o r  i n t e r f e r i n g  with your-day. You need t h a t  amount of 
time t o  l e a r n  what your c a p a b i l i t i e s  a r e  with a given s e t  
of hardware. And i t ' s  j u s t  an empirical  number, roughly 
4 days. 

/ 

[ ~ i c r o p h o n e  being moved] - and i t ' s  a l s o  an e f f i c i e n t  
type of t r a i n i n g .  I t ' s  when you s t a r t  running t h r e e  o r  
four  payloads simultaneously, and t h a t ' s  t h e  way you run. 
You've got something cooking over here ,  something cooking 
the re ,  and you're running somebody on t h e  cardiovascular  
o r  something e l s e  l i k e  t h a t .  That 's  mission t r a i n i n g  and 
how t o  p u l l  t h e  whole mission together .  I n  a l o t  of pay- 
loads ,  they  change a l o t  when you j u s t  move from running 
them i n  t h e  Lab u n t i l  you run them i n  t h e  module. Now a l l  
of you r e c a l l  t h a t  f i r s t  day i n  t h e  cardiovascular .  Well, 
it was going smooth i n  t h e  l ab ,  but  we moved i n  t h e r e  and 
we've got  a guy ly ing  on t h e  f l o o r  and t h e  wires a r e  a l l  
draping over him, and you're t r y i n g  t o  l e a n  over him with 
one hand t o  - i n  t h a t  one-handed opera t ion of t h e  th ing ,  
You know, i t ' s  j u s t  d i f fe ren t  when you ge t  ins ide  t h e  
module. So you need t r a i n i n g  i n  t h e  Spacelab configura- 
t i o n ,  and a l s o  you r e a l l y  need t h e  mission t r a i n i n g  where 
you're pu l l ing  it a l l  together.  I t ' s  not l i k e  f l y i n g  
individual  experiments, then you l e a r n  how t o  have th ings  
going i n  p a r a l l e l ,  simultaneous. That ' s  about what I have 
i n  terms of t h e  t o t a l  in tegra t ion  process,  I 'll h i t  t r a i n -  
ing  next then f l i g h t  ops. I guess somewhere here  you can 
discuss  defining t h e  t a sk  and crew se lec t ion ,  what it takes  
t o  f l y  t h i s  th ing.  A s  opposed t o  last time - The l a s t  
s i m  we had a l o t  of and we didn ' t  i n  Skylab - and t h e  last  
s i n  we had a l o t  of it and t h a t ' s  b io log ica l  a r t .  The 
l a s t  t i n e  we had animals onboard t h a t  required tender  
loving care.  We had a l o t  of  microscopy. W e  had t i s s u e  
cu l tu res ,  we had s t e r i l e  technique, we had - you had t o  be 
good with a microscope l a s t  time. We had t h e  f i s h  eggs, 



we had t h e  amoebas, and t i s s u e  c u l t u r e s .  In  o ther  words, 
t h e r e  was a  l o t  p i p e t t i n g  and th ings .  There was a  l o t  of  
b i o l o g i c a l  a r t  involved l a s t  time. There was c e r t a i n l y  a  
l o t  of ins t rumenta t ion,  too .  But t h i s  t ime i f  you look a t  - 
The way I look at  t h e  t a s k  involved, where d id  you r e a l l y  
have t o  be s m a r t ?  You had t o  be smart i n  bioengineering,  
b io ins t rumenta t ion,  instrumentat ion i n  genera l ,  and d a t a  
management. If you go i n  and you review t h e  packages, what 
d i d  it t a k e  t o  ge t  t h e  job done? It took an understanding 
of moving from t h e  t ransducers  through t h e  ampl i f i e r s ,  t h e  
CRT. We were condit ioning s i g n a l s  t h i s  time. We never con- 
d i t ioned  s i g n a l s  before  and we d i d n ' t  condit ion them on 
Skylab. I f  t h e  t ape  recorders  were going, and you had num- 
b e r s  on ESS, which were good numbers, you forgot  about it. 
That was an absolute  t h a t  was designed i n t o  the system. 
Y e l l ,  we were condit ioning s i g n a l s  t h i s  t ime,  and i f  t h e y  
weren ' t  condit ioned c o r r e c t l y ,  t h e y ' r e  o f f  s c a l e  on t h e  
t a p e  and you l o s t  it. So f o r  t h e  f i r s t  t ime,  we were con&:- 
t i o n i n g  s i g n a l s .  But i f  you look a t  t h e  t o t a l  understanding 
of t h i s  job, I t h i n k  t h e  b i g  t h i n g s  it took was b io ins t ru -  
mentation, bioengineering,  and d a t a  management, t h e  c e n t r a l  
d a t a  stream. And I th ink  i f  you look a t  where we goofed, 
and maybe where we were weak i n  th ings ,  these  a r e  some of 
t h e  a r e a s .  Bob already mentioned we had four  PDP-8/~'s .  
Ycu've got t o  know how t o  t a l k  t o  comguters. You've got  
t o  know t h e  genera l  l o g i c ,  t h e  flow diagrams, and a l l  f o r  
computer opera t ion,  and I don ' t  t h i n k  t h a t ' s  pecu l i a r  t o  
t h i s  s imulat ion.  I th ink  i t ' s  something i n  t h e  f u t u r e .  
These machines have tremendous c a p a b i l i t y .  Now, t h e r e  
w i l l  be some condi t ions ,  t h e r e  w i l l  be some types of 
experiments, which w i l l  have a  l o t  of b i o l o g i c a l  ar t  t o  
them. But i n  genera l ,  I t h i n k  t h i s  very complex, f l e x i b l e  
equipment wi th  a l o t  of computer i n t e r f a c e ,  I t h i n k ,  i s  
here  t o  s t a y .  So I t h i n k ,  i n  terms of who would be good 
on t h i s  type  of  mission - I th ink  those  a r e  some of t h e  
d i s c i p l i n e s  t h a t  r e a l l y  ought t o  be considered. In terms 
of payload s p e c i a l i s t ,  we s t i l l  - we haven' t  y e t ,  we've 
only been through two s i n s ,  but  we s t i l l  need t o .  Maybe 
it w i l l  happen. Maybe sometime. But we've only flown 
super payload s p e c i a l i s t s ,  we haven' t  flown any other  type  
y e t .  And what do I th ink  it takes?  I th ink  it takes  s t i l l  
somebody who can - And I ' m  not i n  any sc ience ,  I ' m  f o r  
g e t t i n g  t h e  job done. I niean t h a t ' s  what we're here t o  do. 
We're here  t o  run a s  many th ings  a s  we can and maximize 
t h e  output of t h e  mission. It takes  a  guy who's smart,  
and it t a k e s  a guy who can run 16 o r  18 hours a  day doing 



it 90 percent  c o r r e c t l y .  I don ' t  t h i n k  we're ever going 
t o  ge t  away from t h a t .  You got  t o  get  a  guy who's t h e  
g u t s  t o  run a l l  day long and do it about 90 percent  cor- 
r e c t .  Obviously nobody's p e r f e c t .  But t h a t ' s  something 
t h a t  I ' m  not  s u r e  people apprec ia te .  You may have a guy 
who's a  super s c i e n t i s t  i n  h i s  own a rea ,  but h e ' s  only 
going t o  do h i s  own experiment. You've got t o  be  a gener- 
a l i s t  i n  t h i s  business i f  you ' re  going t o  f l y  20 d i f f e r e n t  
experiments. And a l s o  he may not want t o  run 16 hours a 
day doing a l l  these  o the r  experiments. So I t h i n k  t h a t  
was t h e  c r i t i c a l  t h i n g ,  t o  ge t  done a s  much a s  we did  t h i s  
t ime.  Now somewhere along t h e  l i n e  i n  +,hese sims, I t h i n k  
looking a t  t h e  s e l e c t i o n  process of payload s p e c i a l i s t  - 
I t ' s  going t o  happen i n  t h e  f u t u r e ,  and i t ' s  going t o  
happen a t  one of t h e s e  sims, t h a t  someone w i l l  ge t  chosen 
who cannot run t h a t  l eng th  of time and run t h a t  hard and 
s t i l l ,  you know, keep h i s  composure and do th ings  r i g h t .  
So I t h i n k  t h a t  w i l l  get  exerc ised a t  sometime. Does any- 
body got  any comments on t h a t  one? These guys r e a l l y  knew 
how t o  ge t  wi th  it. 

SAWIN When I was i n i t i a l l y  approached about p a r t i c i p a t i n g  i n  t h e  
t e s t ,  I was p r e t t y  negative about it, a s  a l o t  of people 
would know, and f o r  a  l o t  of  reasons some personal ,  some 
profess iona l .  One th ing ,  I know Story  we l l ,  and I thought I 

it might be hard  t o  p lay  h i s  game, but  a s  I got  i n t o  it I 
t h i n k  we had good rappor t ,  and t h i s  made it a l l  come 
toge the r .  I learned what he meant by g e t t i n g  up, g e t t i n g  
going, and keeping going a s  long a s  you could, and then 
j u s t  dropping it and going t o  bed. Well, you found out  
by t h e  t ime you d i d  t h a t ,  you r e a l l y  were working about 
16 hours a day and a couple of hours picking a f t e r  
yoxrse l f ,  and then what was l e f t  you s l e p t .  And h i s  
philosophy had been t h a t  i n  a 7-day mission you should be 
a b l e  t o  do t h a t  f o r  a  week, and I thought a t  t h e  o u t s e t  
t h a t  wouldn't be poss ib le ,  but  it r e a l l y  became very easy.  
And I ' m  s t i l l  not back down from t h a t  kind of a  schedule 
because we were t ak ing  l e s s  and l e s s  s l eep  each night  and 
not  r e a l l y  requ i r ing  i t ,  up u n t i l  - of course, t h e  l a s t  
n igh t  we might have pressed it a l i t t l e  hard. Sunday 
showed we required  it.  But r e a l l y ,  t h e  point  i s  t h a t  
although I may s l e e p  7-1/2 hours a day, during t h e  average 
week, I could get  along q u i t e  n i c e l y  on 5 hours, r e a l l y  
we l l .  And we'd have a high and a low spot a  couple t imes 
during t h e  day, and you'd s ink  a l i t t l e  b i t  maybe i n  t h a t  
long aRernoon,  but  invar iab ly  each of us came back up and 



f e l t  r e a l l y  good. And I never  f e l t  any p r e s s u r e ,  any 
s t r a i n ,  it j u s t  went smoothly. So I b e l i e v e  t h a t ,  a l though 
I doubted thctt was a workable phi losophy;  i n  f a c t ,  it i s .  
And, o f  cou r se ,  it helped t o  have a l l  t h e  a t t e n t i o n  we had 
from everyone on t h e  team, I mean t h a t  goes wi thout  say ing ,  
reminding you o f  t h i n g s  you might f o r g e t .  Because 1 f o r  
one i n  my work h a b i t s  am a person who t e n d s  t o  focus  i n  
on one t h i n g  a t  one t ime ,  and S t o r y  kept  say ing ,  we ' r e  
going  t o  have t o  g e t  t o  where you can do s e v e r a l  t h i n g s  a t  
one t i m e .  I t ' s  a r e a l  change t o  t r y  and watch two o r  
t h r e e  d i f f e r e n t  t h i n g s  and t h a t ' s  where it he lps  t o  have 
t h e  Sc ience  Manager always reminding ::PI-I, hey,  t h e r e '  s 
something you need t o  do i n  10  minutes ,  o r  F l i g h t  t e l l i n g  
you how you 've  got  t o  go up and watch t h a t  cosmic-ray 
payload.  But a s  l ong  a s  everyone p u l l s  h i s  l o a d ,  a guy 
can work v e r y  e f f i c i e n t l y  on a schedule l i k e  t h a t ,  and it 
i s  n o t  a s t r a i n .  T h a t ' s  b a s i c a l l y  it, I t h i n k .  

Everyone e l s e ,  go ahead and ch ip  i n  your  i d e a s  on t h i s  
t h i n g .  These a r e  k i n d  of  our  i d e a s  and we ' r e  d i scuss ing  a 
l o t  of t h i n g s  t h a t  we ' r e  no t  t h e  e x p e r t s  on. 

T ra in ing  

Moving i n t o  t h e  t r a i n i n g ,  i t ' s  something we d i d n ' t  do i n  
p rev ious  mis s ions ,  we d i d n ' t  do it on Skyiab,  b u t  we've 
done it on bo th  t h e s e .  And t h a t  i s  t h e  f l i g h t  c o n t r o l l e r s  
a r e  t r a i n i n g  wi th  t h e  crew, end t h i s  i s  r e a l l y  an  a s s e t ,  
it r e a l l y  b u i l d s  a team. You know t h e  ground people.  The 
f l i g h t  d i r e c t o r s  understand what you ' r e  doing,  t h e y ' r e  
empathe t ic  w i t h  t h e  t a s k  a t  hand. A s  y o u ' r e  doing some- 
t h i n g ,  t h e y  can v i s u a l i z e  what y o u ' r e  doing and it r e a l l y  
b u i l d s  a team e f f o r t .  I n  Skylab,  we've had very  l i t t l e  
exposure t o  f l i g h t  d i r e c t o r s  and f l i g h t  c o n t r o l l e r s .  I n  
i n t e g r a t e d  s i m s ,  we would be t a l k i n g  t o  them, bu t  it he lps  
t o  know them as people and it he lps  t o  s e e  t h e  t a s k s  t h a t  
t h e y ' v e  g o t .  And it h e l p s  f o r  them, i n  terms of  t h e i r  
hardware and sc i ence  e x p e r t i s e  as we l l  a s  b u i l d i n g  a team 
o p e r a t i o n ,  t o  t r a i n  t o g e t h e r .  That has  worked out  abso- 
l u t e l y  ou t s t and ing  on both  o f  t h e s e  s imu la t ions .  The 
t r a i n i n g  approach t h i s  t ime was about t h e  sarre a s  l a s t  
t ime .  I t ' s  something t h a t  evolved l a s t  t ime.  We d i d n ' t  
have a t r a i n i n g  p l an  t h e  f i r s t  s imu la t ion ,  i t ' s  a good 
t h i n g  we d i d n ' t ,  because we l.et a n a t u r a l  e v c l u t i o n  of a 
t r a i n i n g  approach evolve.  S t a r t i n g  w i t h  a coilple of hours 
of j u s t  s i t t i n g  down a t  %he PI'S aesk and t a l k i n g  over t h e  
s c i e n c e .  What a r e  t h e  s c i e n t i f i c  p r i n c i p l e s  behind t h i s  



experiment. How can we maximize t h e  r e t u r n  of these  exper- 
iments? Then moving i n t o  a l a b .  Gett ing a f a m i l i a r i z a t i o n  
of t h e  hardware, watching him run t h e  experiment f o r  a 
whi le ,  and then we get  where we're r m n i n g  t h e  l abora to ry .  
Then some t r a i n i n g  when i t ' s  i n  t h e  racks ,  then some t r a i n -  
i n g  when i t ' s  i n  zhe Spacelab module, and then f i n a l l y  
i n t e g r a t e d  s i m s  where we're running it a l l  toge the r .  I 
t h i n k  t h a t  t r a i n i n g  approach worked extremely well.  The 
amount t h a t  we had a.ccomplished, and t h e  accuracy which 
w i l l  come out  once t h e  d a t a  g e t s  analyzed - w e ' l l  t ake  a 
look at  t h a t  l a t e r ,  but  I th ink  we were ready f o r  t h i s  
one. Probably no one i n  t h i s  room th inks  I ' l l  ever be 
s a t i s f i e d  t h a t  I ' v e  had enough t r a i n i n g ,  but If we were 
f l y i n g  a r e a l  mission I ' d  have want more. We'd pu l l ed  it 
all o f f ,  but  everything went extremely nominal, we i i d n ' t  
r e a l l y  have any b i g  g l i t c h e s  t h a t  required  a tremendous 
systems knowledge on our p a r t ,  o r  tremendous knowledge of 
t h e  computer programs and other  kinds of th ings ,  !?e r e a l l y  
had an easy 7 days i n  terms of what we had t o  know about 
systems. I ' d  have l i k e d  t o  have been exercised a l i t t l e  
more i n  terms - The ones we d id  have we pul led  o f f  g l o r i -  
ous ly ,  but  i f  we had a few more I t h i n k  we should have been 
taxed a l i t t l e  harder ,  t e c h n i c a l l y .  We should have had 
more t e c h n i c a l  g l i t c h e s  i n  t h e r e  t o  f ind  out j u s t  what we 
knew and j u s t  how t h e  t o t a l  team, t h e  t e s t  ops team could 
have pu l l ed  t h o s e  t h i n g s  o u t ,  I ' d  have l i k e d  t o  have seen 
a l i t t l e  more of those .  I n  terms of t h e  f u t u r e ,  i f  you 
look a t  t h e  Baseline Ops plan ,  t h e  payload organizat ion i s  
responsible  f o r  t r a i n i n g  t h e  crew on payloads. I don ' t  
t h i n k  t h e  payload organizat ion can do t h a t .  I don' t  t h i n k  
they 've  had experience. Even our own P I ' S  here wi th in  
NASA, they s t i l l  need some he lp  i n  t h e  t r a i n i n g  program. 
I don ' t  t h i n k  you can t e l l  people from t h e  outs ide  a t  some 
u n i v e r s i t y ,  hey, you ' re  responsible  f o r  t r a i n i n g  t h e  crews 
on your payloads. I t h i n k  t h a t  they  need some guidel ines  
and obviously i t ' s  a s e n s i t i v e  a r e a  people th ink  you ' re  
t ak ing  over t h e i r  payload again,  l i k e  we've heard i n  t h e  
p a s t .  But I t h i n k  we've got t o  s tand by t o  a t  l e a s t  have 
a mechanism t o  a s s i s t  them when they  need it. Data during 
t r a i n i n g  i s  f a n t a s t i c a l l y  important.  The da ta ,  t h a t ' s  
t h e  common denominator of how a r e  you doing, how i s  t h e  
hardware doing, where i s  your prof ic iency.  And t h i s  was 
t r u e  of t h e  l a s t  sim, and it was t r u e  of t h i s  one. And 
f o r  those  experiments which fed  t h e  c e n t r a l  da ta  strearn, 
we d i d  not s e e  any d a t a  on t h a t  u n t i l  t h e  Monday, which 
was 2 weeks p r i o r  t o  going t o  run. And t h a t  hur t  us ,  not 
being ab le  t o  see  d a t a .  Beczuse you look a t  t h e  dsta and 
you evaluate  how you a r e  doing, what a r e  my weak p o i n t s ,  



MERRITT 

what a r e  my s t r o n g  p o i n t s .  And so  d a t a  i s  extremely impor- 
t a n t ,  i t ' s  a  feedback t o  t h e  ope ra to r  about what h e ' s  got  
t o  do d i f f e r e n t .  And i t ' s  a  way t h e  P I  can say ,  hey,  
y o u ' r e  doing okay o r  you ' r e  not  doing okay. And you know 
y o u ' r e  t h e r e  when you can run  an experiment end t o  end and 
t h e  P I  l o o k s  a t  t h e  d a t a  and says  you've got  it a l l .  So, 
i t ' s  n o t  o n l y  important  i n  terms o f  t h e  t r a i n i n g ,  bu t  i t ' s  
im2or tan t  i n  te rms  of  e v a l u a t i n g  t h e  i n t e g r a t i o n  process  
and t h e  performance o f  t h e  hardware. 30 t h a t  was one 
t h i n g  t h a t  r e a l l y  s ca red  me a s  much a s  anyth ing  e l s e  i n  
t h i s  l a s t  2 week push was t h a t  t h e r e  were experirnencs t h a t  
u n t i l  we g o t  t o  i n t e g r a t e d  s ims,  whit> was t h e  week be fo re ,  
we had never  seen  t h e  d a t a  we c o l l e c t e d .  So t h e r e  needs 
t o  b e  some mechanism f o r  looking  a t  t h e  d a t a  even i n  t h e  
l a b  b e f o r e  you g e t  t o  i n t e g r a t e  i n t o  t h e  Spacelab i t s e l f .  

. . . . Could you comment j u s t  a  l i t t l e  b i t ,  S t o r y ,  on 
what you t h i n k ?  Maybe an i n t e g r a t e d  sims maybe a couple 
of  weeks p r i o r  t o  t h a t  t e s t  would be  h e l p f u l ?  

MUSGRAVE Yes, t h e  week b e f o r e  i s  J u s t  p r e s s i n g  it. Now I don ' t  - 
l ook ing  a t  t h e  f u t u r e ,  I don ' t  t h i n k  w e ' l l  do it t h a t .  way. 
I t h i n k  you might w e l l  have an i n t e g r a t e d  s i m  i n  t h e  Space- 
l a b  i n t e g r a t i o n  f a c i l i t y  be fo re  inoving t o  t h e  Cape. And 
t h a t ' s  p robably  where your in tegra ted-s im t y p e  a c t i v i t y  
would occu r .  Now t h e  p a r t i ~ i p a t ~ i o n  o f ,  s ay ,  l i f e  sc iences  
experiments  i n  ou r  Spacelab s imu la to r ,  t h a t ' s  another  way 
t o  go,  and you might do it t h e r e .  That p a r t i c i p a t i o n ,  o f  
cou r se ,  i s  o p t i o n a l  i n  te rms  of  t h e  payload, whether t hey  
want t o  go i n t o  o u r  Spacelab s imu la to r  o r  n o t .  T h a t ' s  
ano the r  p l a c e  you could  accomplish t h e  same s h i n e ,  bu t  I 
t h i n k  you could  accomplish it wi th  t h e  f l i g h t  hardware i n  
t h e  i n t e g r a t i o n  f a c i l i t y .  But j u s t  t h e  moving t o  t h e  Cape 
and t h e  i n t e g r a t i o n  t h a t ' s  got  t o  occur  down t h e r e  would 
d i c t a t e  t h a t  i t ' s  a few weeks p r i o r  t o  launch .  

CLARK T h e r e ' s  ano the r  p o i n t  on t h a t ,  2nd t h a t  i s ,  we've got  a long 
super  t o g e t h e r .  But I ' m  k ind  o r  wondering i n  crew se l ec -  
t i o n  i n  S h u t t l e  when y o u ' r e  f l y i n g  payload s p e c i a l i s t s  and 
you b r i n g  i n  l a r g e  ded ica t ed  experiments and y o u ' r e  i n t e -  
g r a t i n g  t h e  team t o g e t h e r ,  I t h i n k  t h a t  an in t . eg ra t ed  sim 
i s  neces sa ry ,  no t  j u s t  from t h e  hardware and t h e  opera t ions  
p o i n t  of view, bu t  f o r  t h e  psychologica l  adJustment of  t h e  
people g e t t i n g  t o  know and work wi th  each o t h e r .  It would 
be extremely necessary  t o  have t h a t  s o r t  o f  i n t e g r a t e d  t e s t  
f o r  t h e  psycho log ica l  f a c t o r s  involved.  



MUSGRAVE . It develops a  team e f f o r t  - a  team approach t o  t h e  problem. 
Where you r e a l l y  know what people a r e  good a t  and weak a t  
and you r e a l l y  l e a r n  how t o  get  along. 

. - DELUCA Story ,  t h e  one t h i n g  about t h a t ,  though, i s  t h a t  t h e  
tendency today i s  t o  t a l k  about loading and f l y i n g .  And 
I t h i n k  it behooves t h e  people t h a t  a r e  involved i n  t h i s  
t e s t ,  through t h e i r  o rgan iza t iona l  l e v e l  t o  feed back 
inpu t s  t h a t  r e a l l y  emphasize t h a t .  Because t h e  tendency 
i s  so  much th ink  t h a t  you ' re  j u s t  going t o  load and f l y  
and t h a t ' s  it. And t h e  only way t h a t  becomes known i s  f o r  
severa l  organizat ions  independently, although t h e y ' r e  p a r t  
of t h e  same t e s t ,  i s  t o  come i n  and say those  kind of 
t h i n g s .  

MUSGRAVE I f  nothing e l s e ,  . . . i t ' s  going t o  cos t  you 25 mi l l ion  
bucks t o  f l y ,  and you ought t o  do what it takes  t o  get  it 
done r i g h t  and ge t  your r e t u r n .  But I guess i t ' s  a  matter  
of impressing people about t h e  importance of t h i s  team 
i n t e g r a t i o n ,  both with t h e  ground and f l i g h t  c o n t r o l l e r s  
and amongst t h e  f l igh tc rew,  and t o  develop t h i s  ops team. 
I ' v e  never seen b e t t e r  coordination and a  b e t t e r  team 
e f f o r t  than i n  t h e s e  l a s t  two sims, and maybe you guys can 
speak even b e t t e r  than I can f o r  it. I haven' t  seen it i n  
a c t u a l  space f l i g h t  missions.  I haven' t  seen a s  c lose  a  
team between a l l  t h e  people involved, payload organizat ion,  
f l i g h t  d i r e c t o r s ,  crew, and a l l  t h a t .  I haven't  seen a s  
much coordinat ion and a s  c lose  a  k n i t  team a s  we've had on 
t h e s e  two sims. 

DELUCA T h a t ' s  because we're toge the r  from t h e  s t a r t  t o  t h e  end. 
I n  t h e  p a s t ,  what has happened, i t ' s  been - i n  t h e  pas t  
experience i t ' s  a 2- t o  3-year e f f o r t .  And what has hap- 
pened i s  t h e  crew and t h e  check l i s t  people have gone o f f  
and they have performed - g e t t i n g  th ings  ready. The f l i g h t  
c o n t r o l l e r s  have been involved with one s e t  of missions 
while prepara t ions  f o r  another one have been going on. 
And a s  a  r e s u l t ,  it wasn't  u n t i l  you got down t o  t h e  l a s t  
4 o r  5 months f o r  t h e  type  of missions t h a t  we were f l y i n g  
t h a t  we r e a l l y  got  toge the r  and ended up doing some in te-  
g ra ted  work. 

MUSGRAVE It was i n t e g r a t e d  through - t h e  e lec t rons  were being 
shipped from bu i ld ing  5 t o  bui ld ing 30 and so  was t h e  
voice.  3ut  a  l o t  of t imes you d i d n ' t  know t h e  man face 
t o  face .  And a l s o  you d i d n ' t  know - And I scheduled a 
sess ion t h i s  time on data. and r e a l l y  on t h e  POC, so that 
we could go i n  payload ops cen te r ,  and we could a c t u a l l y  



see  t h e  consoles,  t h e  people, and t h e  d a t a  f o r  each e q e r i -  
ment t h a t  he could look a t .  So what can they look a f t e r  
us?  In  o t h e r  words, how could they he lp  us? What d a t a  a r e  
they g e t t i n g  down? Can they look a t  t h i s  th ing  and can we 
buy it o f f ?  Yes, they can buy it o f f ,  i t ' s  acceptable.  
And how much can they see i n  terms of what we're cioing? 
So t h e r e  again you b u i l d  a team e f f o r t ,  i f  you know what 
t h e i r  v i s i b i l i t y  i n  t o  what you ' re  doing is .  I t h i n k  i t ' s  
r e a l  important s t u f f .  And you ' re  r i g h t ,  it r e a l l y  needs 
emphasizing. I ' m  not  sure w e ' l l  be ab le  t o  s e l l  it. I 
t h i n k  i t ' s  - y e s ,  load  up and go. But we have t o  l e a r n  
t h e  hard way sometimes. Fl ight- type hardware f o r  t r a i n i n g ,  
we t r a i n e d  with t h e  a c t u a l  f l i g h t  hardware, and 1 thiilk 
t h a t ' s  important .  I th ink  exposure t o  t h e  f l i g h t  hardware 
i s  important t o  l e a r n  t h e  id iosyncras ies .  There i s n ' t  a  
s i n g l e  machine t h a t  doesn' t  have i t s  own id iosyncras ies .  
To f i n d  who t h e  experiment-hardware expert  - t h e r e  wasn't  
a  problem t h i s  t ime,  it was p r e t t y  c l e s r .  Coming out  of 
t h e  f i r s t  s i m ,  t h e r e ' s  times you d i d n ' t  know who t h e  expert 
was. There i s  a time t h e  P I  knows h i s  experiment b e t t e r  
than anybody e l s e .  There a r e  times t h a t  t h e  PI  doesn ' t  
know anything about h i s  experiment. He knows how t o  oper- 
a t e  i t ,  but  he doesn ' t  know t h e  systems. There a r e  o ther  
ty-pe t e c h n i c a l  exper t s .  I s t i l l  t h i n k  i n  t h e  f u t u r e  you 
need t o  de f ine  f o r  a  given experiment and even wi th in  an 
experiment f o r  each module, who i s  t h e  exper t .  And u n t i l  
you run i n t o  problems with it, it doesn ' t  seem l i k e  it 
needs saying.  But i f  you go t o  a u n i v e r s i t y  o r  some o the r  
p lace  where t h i s  experiment i s  going t o  come from, it i s n ' t  
always t h e  s c i e n t i s t ,  i t ' s  t h e  expert  on t h e  equipment. 
Sometimes i t ' s  t h e  manufacturer, sometimes i t ' s  t1:e service  
r e p ,  sometimes i t ' s  t h e  technic ian  i n  t h e  l ab .  That was 
t r u e  a l o t  of t imes.  I f  you look over each of t h e  experi- 
ments, you can analyze it very n ice ly  f o r  t h i s  s imulat ion.  
Who was t h e  hardware expert? Sometimes i t ' s  t h e  P I ,  some- 
t imes i t ' s  t h e  PE, sometimes i t ' s  t h e  l a b  technic ian .  I n  
terms of systems t r a i n i n g  t h i s  t ime,  t h e  amount of systems 
t r a i n i n g  we got was exact ly  equal t o  how many quest ions we 
asked about t h e  system. In  o the r  words, it was our digging 
i n ,  t h e r e  were no systems p resen ta t ions ,  t h e r e  was t h e  
sc ience ,  t h e r e  was t h e  ''how t o  opera te  it," t h e  con t ro l  and 
t h e  d i sp lay  panel  and t h a t  s t u f f .  The systems t r a i n i n g  we 
got  was - once we got a bas ic  fami l i a r i za t ion ,  was our 
probing quest ions i n t o  what these  th ings  d id ,  But I s t i l l  
t h i n k  we need t o  get  p lenty  of systems t r a i n i n g ,  probably 
more than we had. In  terms of t r a i n i n g ,  I know t h e r e ' s  a  
l o t  of o ther  f a c t o r s  involved, but  t h e  sooner you get  i n t o  
t h e  racks and t h e  sooner you get  i n t o  t h e  Spacelab module, 



t h e  b e t t e r  o f f  you ' re  going t o  be,  because some th ings  do 
change. The stowage t r a i n i n g  again,  t h e  stowage d i d n ' t  
come on u n t i l  - t h a t ' s  one of  t h e  l a t e r  happening th ings  
he re .  But we d i d  have a day before  we got t o  f l y i n g  t h a t  
we could go i n  t h e r e  and p u l l  out  every s i n g l e  drawer. And 
it happened t h e  l a s t  s i r n  and it happened t h i s  time. We 
d i d n ' t  l o s e  a s i n g l e  item. There were times when th ings  
were spread out  a l l  over t h e  spacecraf t  and we had t o  hunt 
f o r  them, but t h a t ' s  because we d id  it. That had nothing t o  
do wi th  stowage. We never had t o  ask t h e  ground where 
something was. We never had t o  r e f e r  t o  t h e  stowage check- 
l i s t ,  I never saw it. You guys d i d n ' t  see  i t ,  was it t h e r e ,  
was it onboard? 

SAWIN It was onboard. 

MUSGRAVE I knew where everything was t h a t  I needed. But t h a t  saves 
an immense - t h i s  may seem l i k e  a picky,  l i k e  a l i t t l e  
n i t p i c k y  t h i n g ,  but i f  you've got t o  hunt through a space- 
c r a f t  t o  f i n d  th ings  when you need it, you need it. I f  
you've got t o  go looking f o r  it, it c o s t s  you space f l i g h t  
t ime ,  it r e a l l y  cos t s  you t ime.  So i f  we've got  a f u l l y  
stowed veh ic le  t h a t  we can go i n  and go through drawer by 
drawer, and j u s t  look i n  t h a t  drawer and j u s t  e t ch  i n  your 
head what ' s  i n  t h a t  drawer, you can go get  it. And you ' re  
running one experiment and f o r  some reason you need a t o o l  
o r  something t h a t ' s  not  with t h a t  experimenz, i t ' s  over i n  

6 
some other guy's.  You go over and borrow i t ,  do your 
t h i n g  with i t ,  and put  it back. Stowage t r a i n i n g ,  t h e  only 
k i n d  of r e a l  stowage t r a i n i n g  i s  a h igh- f ide l i ty  stowed 
v e h i c l e .  Training hours,  t h e  l a s t  sim I came up with - 
es t imated t h a t  f o r  a 7-day l i f e  sciences mission you need 
about 350 hours of payload t r a i n i n g .  And I s t i l l  t h i n k  
t h a t ' s  a reasonable number i n  m y  es t imate .  I, of  course,  
haven ' t  been ab le  t o  t a l l y  how much we got on t h e  l a s t  
one. But t h a t ' s  an es t ima te ,  and t h i s  sim hasn ' t  changed 
IPY es t imate  on t h a t .  That ' s about it on t r a i n i n g ,  t h e  
coordinat ion again was exce l l en t .  Anybody e l s e  got any 
on t r a i n i n g ,  crew performance? 

BENSON I have one quest ion.  I t ' s  - A minute ago it sounded a s  
i f  you a l l  were more l e s s  psyched out  f o r  t h e  7-day period.  
And i f  they  had added another day on a t  t h e  end, how would 
t h a t  have e f fec ted  you? 

MUS GRAVE You could have added - i f  you had put something i n  t h e  
pantry  you could have added a week. There 's  no doubt when 
y o u ' r e  peaking up f o r  something, you peak up s o  high. If 
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SAWIN 

you've got 8 G  days t o  go, you peak up, bu t  t h e  peak comes 
d i f f e r e n t .  But I th ink  we r e a l l y  h i tched r i g h t  on - about 
t h e  s i x t h  day I t h i n k  i s  probably t h e  b e s t  day. Where we 
were laughing and joking and we ran  through every s i n g l e  
t h i n g ,  t h e r e  was only t h e  n ine  l e f t  t o  run.  We ran  through 
a l l  e i g h t  s p e c i a l  procedures, we ran  every s i n g l e  experi-  
ment. Nine t a k e s  an awf - T h a t ' s  a  h-hour job, i t ' s  hard 
t o  d o v e t a i l  it i n t o  t h e  o the r  s t u f f .  So we d i h ' t  run 
t h a t ,  but  we ran  every s i n g l e  experiment a  bunch of  t imes ,  
and we were laughing,  joking, p laying t h e  whole %ime, and 
s t i l l  doing it r i g h t  and doing a l l  of it. And t h a t ' s  - 
We could have s tayed r i g h t  a t  t h a t  l e v e l  f o r  30 days. I 
t h i n k  - - 
We t a l k e d  t h a t  over and t h a t  day - t h a t  n ight .  Again I 
s a i d ,  you know, when I i n i t i a l l y  came i n  here ,  I r e a l l y  
d i d n ' t  l i k e  t h e  idea  being locked up f o r  7 days. But a t  
t h a t  t ime - I t ' s  p a r t  of t h e  psychological  t h i n g  I was 
saying about being a c t u a l l y  i n  t h e  f a c i l i t y  and not  being 
ab le  t o  l e a v e  and knowing you ' r e  not leaving.  A t  t h a t  
t ime,  I f e l t  LO s t r a i n  o r  s t r e s s .  We were kidding about 
w e l l  maybe we w i l l  go a l i t t l e  longer .  We knew we wouldn't 
because we'd run out  of  consumables. 

8 NSGRAVE Yes, I t h i n k  we could have. We could have s tayed r i g h t  
t h e r e .  I f  you ' r e  going t o  do t h a t ,  we need t o  exe rc i se .  
You're robbed from s l e e p  according t o  how long you've got 3 
t o  go. We cou ldn ' t  have s t o l e n  t h a t  much from s l e e p  f o r  
30 days. We'd have t o  back o f f  a  l i t t l e  b i t  on t h a t .  
But t h e  n i c e  t h i n g  about locked up i n  t h e r e  i s  you ' r e  not 
cheat ing  when you s t e a l  from s l e e p  and housekeep<ng; you've 
got t o  do it some t ime.  And you use cleaning up a s  a  
t ime b u f f e r ;  you may not c lean  up f o r ,  you know, a couple 
of  meals. The p lace  g e t s  t o  be  a r e a l  mess because i t ' s  
busy back t h e r e  and you ' r e  running th ings .  But you c a n ' t  
not  c lean  up f o r  7 days, t h e  d ishes  g e t  r e a l l y  high.  

Would t h a t  peaking - t h e  p o s i t i o n  of t h a t  peaking be d i f -  - 
f e r e n t  i f  you had more, i f  t h e  presims were a l i t t l e  b i t  
longer?  Do you t h i n k  t h a t  would change t h a t ?  Would t h a t  
be - - 

DELUC A 

MUSGPAVE You could g e t  t h e r e  f a s t e r ,  but  even on day 1 I r e a l l y  f e l t  
good. The f i r s t  s i m ,  it was t h e  end of t h e  seccnd day I 
knew I was t h e r e .  We were s t i l l  OJT, we were s t i l l  learn-  
ing  on t h e  job i n  t h a t  f i r s t  s i n .  About the  end of  t h e  
second day, we got t h e r e .  Even day l t h l s  t ime,  it j u s t  
went smooth. I d o n ' t  know why. But again going back t o  



QUERY 

what I s a i d  before ,  I t h i n k  t h a t ' s  - You're a l l  g e t t i n g  a  
good f e e l i n g  f o r  what it t a k e s  t o  do t h e  job. I don ' t  
t h i n k  every person can do it. I don ' t  th ink  even with t h e  
super  t r a i n i n g  w e  ge t  i n  t h i s  whole developmental method 
we use  i n  g e t t i n g  people ready, I t h i n k  t h e r e  a r e  some 
people t h a t  c a n ' t  do t h a t  job. 

S t o r y ,  could you compare your performance, during t h i s  
s imula t ion i n  t h e  one-g environment t o  what it would t a k e  
t o  do it i n  t h e  zero-g environment, and, i f  so ,  could you 
env i s ion  incorpora t ing t h e  zero-g exposure procedures i n  
f u t u r e  s i m s ?  

I t ' s  l i k e  t h e  l a s t  one, we had some zero g. We had maybe 
h a l f  o f  t h e  f i rs t  s i m  were - experiments were zero-g qual- 
i f i e d ,  and a l l  t h e  techniques and r e s t r a i n t s ,  they were 
zero g ,  some were not .  I n  comparing, looking back i n  t h e  

'Spacelab, I t h i n k  we came out  even and not including any- 
t h i n g  e l s e ,  j u s t  include t h e  Spacelab i t s e l f  and t h e  ops 
back the?e ,  I th ink  some t h i n g s  zero g  would'have hur t  us ,  
b ~ t  they  d e f i n i t e l y  would have helped us on o the rs .  Like 
moving t h a t  c h a i r  - [ ~ a u g h t e r ]  We joked about it 100 t imes 
t h a t  t h e  second t h e  f l i g h t  d i r e c t o r s  t e l l  us i t ' s  over 
come out  o r  they come i n ,  we were going t o  open t h e  a f t  
door and throw t h e  cha i r  out .  [ ~ a u g h t e r ]  That was a heavy 
moose and t h e r e ' s  no wheels and t h e  carpet  a s  you know was 
l a i d  down i n  blocks,  And when you go t o  get  t h e  cha i r  
t h e  one guy i s  wired, h e ' s  got wires coming out  of every- 
where and h e ' s  capt ive ,  he c a n ' t  he lp ,  one guy 's  got t o  
grab t h a t  c h a i r  and t h e r e ' s  nothing t o  grab it by. There 's  
many o t h e r  examples, but t h a t ' s  one. And you drag t h a t  
a c r o s s  t h e  f l o o r ,  t h e r e ' s  no p lace  t o  pick it up and 
y o u ' r e  t e a r i n g  t h e  carpet  up and Lt's r o l l i n g  up under- 
neath  and f i n a l l y  you get  t h e r e ,  you drag a l l  these  endless 
umbi l ica ls  and c h a t ' s  a  p lace  where one - zero g ,  you 
know, . . . 
. . . There were p laces  t h a t  one g  hur t  us. I look upon 
t h e  whole t h i n g  i n  t h e  Spacelab a s  coming out even. But 
you've,  got o the r  th ings  t h a t  a f f e c t  crew performance, l i k e  
motion s ickness  and o the r  types  of th ings .  And I do ge t  
some c r i t i c i s m  i n  t h e s e  t h i n g s  of t r y i n g  t o  ge t  t h e  most 
done. There a r e  some people t h a t  say ,  hey, you ought t o  
p lay  t h e  game t h a t  t h i s  i s  a  r e a l  space f l i g h t  and you 
would not be t h i s  e f f i c i e n t .  I n  o ther  words, a t  zero g  
and a  l o t  of o the r  f a c t o r s ,  you wouldn't be t h a t  e f f i c i e n t .  
And t h e r e  i s  a point  t o  t h a t ,  t h a t  i n  terms of e s t a b l i s h i n g  
i n f l i g h t  t ime l i n e s ,  you should not e s t a b l i s h  i n f l i g h t  time 



l i n e s  from perfolmance i n  t h i s  type of  sim. It gives  you 
an idea .  But on t h e  o the r  hand, when you - t h e  reason f o r  
3oing t h e s e  i s  t o  l e a r n  th ings .  And t h e  way I look a t  i t ,  
i f  you d o n ' t  exe rc i se  something, you don ' t  l e a r n  anything. 
If it i s n ' t  opera t ive ,  i f  it i s n ' t  done, you c a n ' t  l e a r n  
anything f r o n  i t .  I f  an a l t e r n a t e  experiment i s  never 
operated,  then you haven' t  exerc ised t h e  t r a i n i n g  process ,  
you haven ' t  exerc ised t h e  i n t e g r a t i o n  process,  you haven't  
exerc ised t h e  t h i n g  a t  a l l ,  i t ' s  J u s t  dead. So t h a t ' s  
k ind of a philosophy, but  you c a n ' t  e s t a b l i s h  i n f l i g h t  
t ime l i n e s .  There 's  p laces  zero g would have hur t  us,  and 
t h e r e ' s  p laces  it would have helped us.  The s t a i r s  i s  
another one and t h e  ladder  going up i n t o  t h e  - t h a t  would 
be a p iece  of cake, f l o a t i n g  on through t h e r e .  So - But 
t h e r e ' s  a  l o t  of t h i n g s  - t h e  food system was e n t i r e l y  - 
t h a t  could have been done zero g l i k e  t h a t ,  and then t h e  
waste management system was zero-g q u a l i f i e d ,  a  l o t  of t h e  
s t u f f  was p r e t t y  c lose  t o  zero g. 

F l i g h t  A c t i v i t i e s  

Okay, moving on t o  f l i g h t  a c t i v i t i e s  and s t u f f ,  t h e  bas ic  
f l i g h t  p lan  came from t h e  ground, - [ ~ r e a k ]  The f l i g h t  
p lan  came from t h e  ground; t h e  f l i g h t  plan was absolute ly  
o l~ t s t and ing ,  Ben, it always i s .  We weren't  ab le  t o  give 
Ben any r e a l l y  good t ime lj-nes, because on a l l  t h e  pay- 
loads  we r e a l l y  weren' t  t h e r e  u n t i l  about launch date .  
And unfor tunate ly ,  on t h e  cardiovascular  ones, l i k e  w e  
extended him, from I f o r g e t  what we went - we had t o  add 
t o  you from 4 hours t o  5 hours f o r  back-to-back runs on 
both  of us .  It t u r n s  out we shouldn ' t  have done t h a t ,  but  
t h e  t h i n g  i s  even t h e  week before t h e  week in tegra ted  sims 
were, we were s t i l l  i n  t h e r e  developing methods, how t o  
s t r i n g  t h e  wi res ,  how t o  get  th ings  on. We got t h e  
s t r e t c h e r  i n  t h e r e  ins tead  of  l y i n g  them on t h e  ground. 
I n  o the r  words, we were s t i l l  developing methods because 
we got  i n  t h e  Spacelab i t s e l f  l a t e .  I f  we were g e t t i n g  
t h e r e  a week e a r l y  o r  s o ,  we could have got ten  Ben some 
b e t t e r  t ime l i n e s .  But, t h e r e ' s  a  l o t  of t a l k  about t h e  
f l i g h t  p lan  w i l l  come out of t h e  general-purpose computer 
on t h e  Orb i t e r ,  and t h e  f l i g h t  plan ought t o  be done on- 
board. I don ' t  th ink  it ought t o  be done onboard. The 
f l i g h t  planners - t h e  b e s t  f l i g h t  planners i n  t h e  world 
a r e  r i g h t  here and they can do a much b e t t e r  job on t h e  
ground than we could do onboard. They know a l l  t h e  con- 
s t r a i n t s  of t h i s  t h i n g ' s  got t o  be run a t  t h i s  time of 
day, it takes  s o  long t o  do it, and i t ' s  got t o  be run 



a f t e r  t h i s  one o r  before t h a t  one, a l l  of those th ings .  
I t h i n k  t h e  bas ic  f l i g h t  plan ought t o  come from t h e  
ground. I t ' s  an extremely important funct ion.  We d idn ' t  
g e t  much c r e d i t  f o r  real- t ime onboarh f l i g h t  planning. 
When you read  t h e  documents, we d i d n ' t  ge t  much c r e d i t  f o r  
t h a t  i n  t h e  l a s t  sim and I don ' t  know how much c r e d i t  w e ' l l  
g e t  f o r  it on t h i s  s i m ,  but we d i d  a heck of a l o t  of it. 
We were a l o t  of t imes ,  2 hours ahead of t h e  f l i g h t  plan 
o r  a t  l e a s t ,  I don' t  t h i n k  we ever got very f a r  behind it. 
But we d i d  an awful l o t  of  real- t ime f l i g h t  planning. We 
always kept  people very wel l  aware of where we were. We 
asked permission t o  do something; we s a i d ,  "Hey, we'd l i k e  
t o  crank up t h i s  now," o r  " I ' d  l i k e  t o  t a c k l e  t h i s  r i g h t  
now." We d i d  an awful l o t  of dove ta i l ing  and shuf f l ing  
around, we'd do th ings  i n  t h e  evening - t h a t  were scheduled 
f o r  t h e  evening, we'd do them when we saw a l i t t l e  time 
open up i n  t h e  morning. There was an awful l o t  of  
s h u f f l i n g  around. For t h e  real- t ime f l i g h t  planniag, i t ' s  
very easy t o  do it onboard, you know what it takes  t o  ge t  
t h e  job done and so you can see  20 minutes of f r e e  time 
and you can shove something i n  t h e r e .  So I th ink  t h e  way 
we d i d  it t h i s  t ime,  t h e  way we d i d  it l a s t  time, i s  
r e a l l y  optimum i n  my opinion. The f l i g h t  plan ought t o  
come from t h e  ground, but  you ought t o  have enough pad i n  
it t o  do some real- t ime onboard f l i g h t  planning, I th ink  
t h a t ' s  t h e  way bes t  way t o  optimize th ings  and get  a s  
much done a s  we got done. 

CLARK One of t h e  main po in t s  on t h a t ,  i s  t h a t  Ben at tended a11 
t h e  t r a i n i n g  sess ions  and had a r e a l  good f e e l  f o r  what 
time was involved i n  each of t h e s e  experiments. And t h a t  
helped immensely i n  t h e  f l i g h t  p lan .  

MUSGRAVE Ben d i d n ' t  miss a s i n g l e  t r a i n i n g  sess ion.  I n  o the r  words, 
he was a t e c h n i c a l  expert  on t h i n g s  a s  wel l  a s  knowing 
j u s t  what it took t o  get  t h e  job done and having empathy 
t o  understand what you were going through running t h a t  
t h i n g  and what it would t ake  you t o  be running something 
e l s e  over here  a t  t h e  same time. And I ' l l  - I ' l l  get  i n t o  
procedures r i g h t  now. After  t h e  l a s t  s i m ,  I recommended 
t h a t  f o r  a couple of  mission days t h a t  t h e  mission spe- 
c i a l i s t  do t o t a l  f l i g h t  planning onboard. I n  o ther  words, 
come up wi th  t h e  next f l i g h t  p lan .  I f  you asked me t o  do 
t h a t ,  I ' d  say  go with t h e  ones we launched with prelaunch, 
because I wouldn't want t o  spend t h e  time s i t t i n g  down and 
working ou t  a l l  t h e  l o g i s t i c s .  And when you get  i n t o  t h a t  
f l i g h t  p lan  and it ge t s  i n t o  s c i e n t i f i c  p r i o r i t i e s ,  it 
g e t s  i n t o  a l l  of  t h a t  business,  it g e t s  i n t o  looking a t  



t h e  real- t ime da ta  you ' re  g e t t i n g ,  how should you change 
t h i n g s ,  o r  something f o r  t h e  l a s t  60 days it h a s n ' t  
changed and you know it i s n ' t  going t o  i f  you need t o  run 
t h a t  o f t e n .  So it g e t s  i n t o  a l l  t h e  s c i e n t i f i c  p r i o r i t i e s  
and l o g i s t i c s  and everything e l s e  l i k e  t h a t ,  and I th ink  
t h e  ground could do a much b e t t e r  Job. I n  terms of pay- 
load  procedures,  t h e y  were absolute ly  exce l l en t .  Abso- 
l u t e l y  e x c e l l e n t .  I n  coming out of t h e  l a s t  sim, t h e  
same t h i n g ,  they a r e  absolute ly  e s s e n t i a l ;  t h e  dzy i s  not 
going t o  a r r i v e  when we don' t  need them. And again ,  and 
I s a i d  t h i s  100 t imes ,  i f  I sound l i k e  a tape  recorder ,  
J u s t  those  of you t h a t  heard me 100 t imes ,  t u r n  it o f f .  
We don ' t  need them t o  cookbook th ings .  We got t h e r e  run- 
ning t h o s e  cardiovascular  ones and o the r  experiments, 
which a r e  extremely complex, which - where we're condi- 
t i o n i n g  s i g n a l s .  What you've got  t o  do i s  d i s c r e t e  and 
it ' s got  t o  be done r i g h t .  We ended up running those  
guys, and t h e  only t h i n g  we were looking a t  was t h e  da ta  
l o g  t h a t  we had t o  l o g  i n  t h e  data  book, so t h a t  t h e  
computer t h a t ' s  looking a t  t h e  t apes  could e x t r a c t  t h e  
d a t a  o f f  t h e  t apes .  The only t h i n g  we looked a t  was t h e  
d a t a  l o g  because we had t o  w r i t e  down t h e  time %hat  we 
s t a r t e d  t h e  t a p e  recorders  on each of those  experiments, 
where t h e  time we were p u t t i n g  t h e  c a l s  i n  and t h a t  kind 
of s t u f f .  We ended up running those  with only t h a t .  The 
reason we could do t h a t  i s  because we had good procedures. 
Procedures t h a t  a r e  not so t h a t  you can cookbook something, 
but  t h e y  defined t h e  t a s k s ,  they t e l l  you what YCU need 
doing. An2 t h e y ' r e  a l s o  somewhat a descr ip t ion o f  t h e  
system, a desc r ip t ion  of t h e  experiment, i t ' s  a basel ine .  
They're a l s o  important because t h e  people whose 2ayload 
you ' re  opera t ing,  t h e  P I ' s ,  t h e  payload organizat ion,  i t ' s  
an agreement between you and them how you ' re  going t o  
opera te  t h e i r  payload. 1 mean they own it, i t ' s  t h e i r  
payload. An so t h e  f l i g h t  d i r e c t o r s ,  f l i g h t  c o n t r o l l e r s ,  
anything e l s e .  I t ' s  - i n  o the r  words, i t ' s  not a solo  
o?erat ion,  i t ' s  a team operat ion and f l i g h t  procedures, 
i t ' s  s o r t  of an agreement about how t h i n g s  a r e  going t o  be 
run.  There ' s  a  l o t  of  d i f f e r e n t  ways t o  run them. That ' s  
what procedures a r e  t h e r e  f o r .  You need them t o  l e a r n  
t,he t a s k ,  not so  you can cookbook something. We ended up 
by day 5 o r  6,  we weren' t  using procedures f o r  hardly any- 
t h i n g .  But t h e y ' r e  absolute ly  e s s e n t i a l .  Now i f  you look 
a t  t h e  BOP, I t h i n k  t h e  BOP implies t h a t  t h e  pa:i;oad orga- 
n i z a t i o n  i s  going t o  come up with f l i g h t  procedures. 
They're responsible  f o r  t e l l i n g  you h ~ w  you ' re  going t o  do 
i t .  Even looking a t  our BASA P I ' s ,  they do not know how t o  
come up wi th  a s e t  of f l i g h t  procedures. Some do and some 



d o n ' t ,  and I won't p u l l  out  any exaiiples, but  you can a l l  
smile because you know which ones they a r e .  I have got 
f o r  each experiment - I ' v e  got t h e  f i r s t  s e t  of procedures 
and I ' v e  got  t h e  f i n a l  s e t .  And i t ' s  astounding t h a t  - 
t h e  change of procedures from t h e  f i r s t ,  t h e  one pager you 
g e t .  The f i r s t  t ime you get  it, you know, it says power 
up t h e  equipment, t h e  next one says assure  appropriate 
s i g n a l s ,  t h e  t h i r d  s t e p  i s  t ake  d a t a ,  and t h a t ' s  what 
you've got  when you ask f o r  procedures. Well, you know, 
it i o e s n ' t  l e t  you ge t  t h e  job done. It doesn' t  define 
t h e  t a s k .  And f o r  t h a t  experiment, t h e r e ' s  a rack t h i s  
high and t h e r e ' s  a t  l e a s t  32 knobs on i t ,  b u t ,  you know, 
assure  appropr ia te  s igna l s .  Well, it doesn ' t define t h a t  
t a s k ,  it doesn ' t  t e l l  you what you need. And so f o r  each 
of t h e  experiments - my r i n g  around my o f f i c e  up t h e r e  - 
I ' v e  got  t h e  beginning and I ' v e  got  t h e  evolution of where 
we s t a r t e d  and where we ended up. And so  I t h i n k ,  t h e r e ' s  
a l e s s o n  i n  t h e r e  t h a t  NASA's got t o  he lp  payload organi- 
za t ion  wi th  de f in ing  t h e i r  t a s k  and developing t h e  pro- 
cedures. Because even wi th in  our own house here ,  people 
c a n ' t  b u i l d  them. There i s  an e x p e r t b e  i n  t h a t  and we've 
got t o  s t and  - For some people, boy you don ' t  need t o  have 
any he lp ;  you ask f o r  it and i t ' s  t h e r e .  And you know, 
we a l l  know which ones they a re .  You ask them f o r  them 
and here  they a re .  We've got  some t h a t  d i d n ' t  change a 
b i t ;  we've go t  some t h a t  j u s t  hardly  changed a t  a l l .  But 
NASA's got t o  stand. by and have a mechanism t o  he lp  t h e  
payload organizat ion def ine  t h e i r  t a s k s  and get  ready. 

You know, f o r  t h e  next s i m ,  I ' d  l i k e  t o  perform a service  
f o r  whoever you ass ign . . . . . . . . And t o  a l l o c a t e  
ourse lves  some time with t h e  P I ' S ,  whoever t h e y ' r e  going 
t o  be ,  and say we a r e  a se rv ice  organizat ion and we're 
w i l l i n g  t o  he lp .  Now t h i s  i s  what we've learned,  i f  you 
want t o  use i t ,  f i n e .  I f  you don ' t  ca re  t o  use it, t h a t ' s  
a l l  r i g h t ,  t o o .  And t e l l  them t h a t  we have a . . . . . . 
we have procedures. Give them a background, some examples, 
h e r e ' s  a good one, h e r e ' s  a bad one. We can make cue cards 
f o r  you. We can make decals  f o r  you. We can do a l l  t h e s e  
th ings  f o r  you. J u s t  ask and we' 11 . . . And I th ink  
t h a t ' s  where we were d e f i c i e n t  i n  t h i s  l a s t  s i m  i n  t h e  
sense t h a t  . . . we d i d  not se rv ice  t h e s e  people s t rong 
enough wi th  our  c a p a b i l i t i e s  t h a t  we can perform with 
them. I hope t o  remedy it next t ime . . . We should say,  
okay now, we want 2 hours with each PI  o r  e l s e  s t a r t  o f f  
a genera l  wi th  everybody. You know, anyway you want t o  
do it. That we want t o  perform a s e r v i c e  f o r  everyone. 
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You need kind of a u s e r ' s  guide t - o e  th ing.  

I t ' s  n ice  t o  wr i te  th ings  on paper, but  t o  ac tua l ly  do i t ,  
on a personal t o  - person-to-person bas i s  . . . , but you 
have t o  wr i t e  it down. 

I think your comment can be more generalized. I t ' s  very 
appropriate t o  what you're addressing, but it i n  t h e  
general  sense appl ies  t o  t h e  t o t a l  simulation procedure o r  
r e a l  f l i g h t .  That i s ,  t h a t  one o r  t he  great  lackings from 
my point  of view, and I guess i n  t h i s  sense I ' m  a l i t t l e  
unique s ince  I ' m  supposedly a PI ,  as  well  a s  a technician 
fo r  everyone e l s e  who was a PI - That i s  t ha t  I f e l t  I 
knew what I had t o  do because I had played both games 
before ,  a l i t t l e  b i t ,  and I had a good understanding of 
what my t a sks  would be. However, I f e l t  t ha t  t h e  PI's 
i n  general  weren' t  given much d i rec t ion  a s  t o  what they 
would be required t o  do, what was expected of them. And 
so I see a need f o r  some s o r t  of a document - You know, 
we always keep bringing up t h e  need fo r  more documents 
and everyone says why. But something t h a t  would go t o  a 
PI  and would say,  i n  order f o r  you t o  have an experiment 
put together  and perfsrmed successfully during a t e s t  of 
t h i s  nature these  a r e  t h e  basic  milestones you need t o  
meet, and he re ' s  some po in t s  of contact t o  help  you, l i k e  
yourself  and Ron f o r  procedures. And t o  kind of get  him 
an idea  of what he i s  expected t o  do, not t h a t  he jus t  
de l i ve r s  a p iece  of hardware and says, okay guvs, you 
kgow, run my experiment. Because as  Story s a id ,  even our 
own in-house people, of whom a l l  of us were, d idn ' t  know 
prec i se ly  what we had t o  do, what our r e spons ib i l i t i e s  
were as  P I ' s .  

Then you're t a l k ing  about th ings  we mentioned e a r l i e r .  
I t ' s  a preparat ional ,  accommodations document of some so r t  
with t o t a l  operat ional  procedures. 

Yes, wel l ,  one of t h e  th ings  t h a t  we had wanted t o  do and 
weren't able  t o  do, t h a t  was t o  get  t h e  P I ' s  i n  p r i o r  t o  
t he  t e s t  - George and Ron, and l e t  them run through t h e  
~ r o c e d u r e s  f o r  themselves i n  t h e  Spacelab. We weren't 
able  t o  do t h a t  because of a - - 
But it i s n ' t  jus t  t h a t ,  B i l l .  You know, it ' s  a more 
general  problem of a t h e  P I  says ,  yes,  I ' v e  got t h i s  great  
th ing  I ' d  l i k e  somebody t o  do f o r  me up t he r e ,  and he 
doesn' t  know r e a l l y  how t o  go about it. He needs more 
di rec t ion ,  I th ink.  
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Tha t ' s  t h e  reason we have them ins ide .  I t h i n k  we're 
going t o  do t h a t  now a f t e r  t h e  . . . . If t h a t ' d  been done 
p r i o r  t o  it, p r i o r  t o  t h e  t e s t ,  p r i o r  t o  t h e  es tab l i sh ing  
t h e  procedures, they  would do a . . . Re asked me t o  be 
f a m i l i a r  wi th  what ' s  going on . . . . Loop and t r a f f i c  
p a t t e r n s  th ings  l i k e  t h a t  o r  do you want . . . ? It has t o  
be a part of  our o v e r a l l  procedure . . . . 
The r e a l  core  of t h e  mat ter  i s  r e a l  d i s c i p l i n e  and t h e  
a t t e n t i o n  t o  d e t a i l .  And s t a r t  t h e r e  and say he re ' s  t h e  
hardware, h e r e ' s  my experiment and I ' m  going t o  s t a r t  
through i t ,  and I am not going t o  touch anything o r  do 
anything un less  I w r i t e  it down. In  o the r  words, what 's  
it t a k e  t o  ge t  t h e  job done. And so many t imes,  boy, 
we're j u s t  running t h e r e ,  and you run r i g h t  square i n t o  a 
wa l l .  The P I ' s  t h e r e  and h i s  hardware i s  t h e r e ,  and he 
doesn' t  know q u i t e  where t o  l e a d  you o r  what you ought t o  
be doing. I n  o the r  words, he h a s n ' t  r e a l l y  defined h i s  
own t a s k .  You've got something, Dennis? 

I was going t o  suggest t h a t  do you t h i n k  t h i s  could be 
accomplished by both  an in t roductory  sess ion and . . . 
have t h e  PI  . . . observer e i t h e r  during t h e  sim o r  a c t u a l  
t r a i n i n g  . . . a combination of  leading them i n t o  it with 
an a c t u a l  in t roduc t ion  and then t h e  guidel ines  t o  give 
them an i d e a  on what t o  expect ,  and then l e t  them see  it 
i n  ac t ion .  I t h i n k  t h a t  combination would accomplish t h e  
job. 

I t ' s  another s e n s i t i v e  a r e a ,  though. I t ' s  l i k e  t h e  payload 
w i l l  do t h e  t r a i n i n g .  I t ' s  a s e n s i t i v e  area ;  people say 
you ' re  t a k i n s  us over again.  

No, what I ' m  saying i s  t h a t  we perform a se rv ice .  And i f  
we're going t o  be a se rv ice  organizat ion,  j u s t  l i k e  Pan Am 
o r  some a i r l i n e ,  and I t h i n k  i f  they understand it t h a t  
way ,  and say t h e s e  a r e  t h e  services  we can give you and 
i t ' s  up t o  you t o  t a k e  advantage of it. I don' t  know i f  
you want t o  say  requirements. 

No, you don ' t  want t o  say requirements. 

Tha t ' s  vhat  I ' m  saying.  The only o the r  word I can th ink 
of i s  . . . t h e  s e r v i c e  organizat ion,  we always have i n  
t h e  p a s t .  

I don ' t  t h i n k  t h e r e  w i l l  be any b ig  h a s t l e .  TP.e way ycu 
understand something i s  t o  do it yourse l f .  Get t h e  P I ' s  
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i n  t h e r e  and l e t  them go through t h e  procedures, you guys 
leading t h e  way. They run through t h e  procedures, they 
know what t h e  impacts a r e ,  and then go through t h i s  . . . 
You c a n ' t  t e l l  them you ' re  l ead ing  t h e  way, though. 

I mean a s  f a r  a s  format t ing ,  th ings  l i k e  you ' re  t a l k i n g  
about where you put t h e  book up when it s a i d  something 
about "Assure proper readings on t h e  d isplay ,"  o r  
something. 

Appropriate s i g n a l s .  

- - proper reading should be. 

The l i f e  sc iences  have s o r t  of t h e  same kind of problem 
when they t a k e  b i o l o g i c a l  experiments t o  a r e a c t o r  f a c i l i t y  
f o r  t h e  f i r s t  t ime. They don ' t  know opera t iona l ly  what i s  
going t o  be requ i red ,  so  they have an idea  t h e y ' r e  going 
t o  have t o  . . . about it. But i t ' s  a whole s e t  o f  opera- 
t i o n a l  procedures t h a t  they have t o  put i n ,  and b r ing  
them up t o  speed i s  usua l ly  t h e  b i g  problem i n  g e t t i n g  t h e  
experiment t o  . . . f a c i l i t y .  And any of them . . ., . . . , whatever. 

I t ' s  j u s t  something t o  recognize. I f  i t ' s  going t o  happen 
i n  t h e  f u t u r e ,  you have a mechanism f o r  handling. In te -  
g ra ted  s i m s  again ,  t h a t ' s  a f i n a l  v e r i f i c a t i o n  t h a t  they 
got good ones. Tha t ' s  t h e  h igh- f ide l i ty  environment where 
everything 's  t h e r e ,  and i f  t h e  procedures work then ,  then 
you know you ' re  t h e r e .  But anything shor t  of t h a t ,  you 
c a n ' t  be guaranteed t h a t  you've got good ones; and, of  
course, t h z  d a t a  i s  t h e  common denominator fo r  t h e  pay- 
loads .  If you opera te  those  procedures i n  in tegra ted  sims 
and t h e  d a t a ' s  good, then you ' re  the re .  Schematics of t h e  
f l i g h t  hardware, maybe - Lou, you got something t o  say 
about t h a t ?  I t h i n k  t h e r e  was only one experiment I saw 
a schematic o f .  It d i d n ' t  h u r t ;  we got t h e  job done. 
There were t imes ,  you know, i f  something goes wrong, you'd 
su re  l i k e  t o  see  one, bu t  obviously we're not going t o  
have t h e  FOD schematics we've had i n  t h e  p a s t .  They might 
j u s t  have a manufacturer 's  handbook l i k e  we had f o r  t h e  
(;C o r  something e l s e  l i k e  t h a t .  

I th ink  what we fo resee  i s  a case where, f o r  Orb i t e r  and 
O r b i t e r ' s  f a c i l i t i e s ,  w e ' l l  have a l l  t h e  th ings  we've had 
i n  t h e  pas t  because they  a r e  repeatable  and usefi l l  t o  
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produce. Same f o r  Spacelab, and I think f o r  core equip- 
ment, we should have t h e  same th ing ,  but when it comes t o  
what i s  i n  t h e  rack t o  keep t h e  cost  down, I th ink  we w i l l  
have t o  go with whatever i s  ava i lab le  commercially or  
whatever t h e  P I  w i l l  provide, and w e ' l l  have t o  r e l y  on 
him f o r  real-time help. 

You're going t o  have t o  have i n t e r f ace ,  George. 

We'rz going t o  t r y  t o  t ake  care  of t h a t  problem. We 
recognize t h a t  t h e  schematics a r e  necessary and . . . 
worse when you s t a r t  ge t t i ng  outs ide .  

I don ' t  t h ink  you should i n s i s t  upon - - 
We're goin@ t o  have t o  provide t h e  NASA support of a l l  of 
t h i s  t o  an outs ide  P I ,  t o  an outs ide  contractor .  

But I don' t  t h ink  you should i n s i s t  upon - you don' t  have 
t o  i n s i s t  on schematics. 

Our plan - I th ink  r i gh t  now our plan i s  not t o  i n s i s t  - - 

It needs t o  be done - It needs t o  be done more than l i k e l y  
by ourselves,  by our i n t e r n  -. our NASA people. 

I f e e l  your be s t  bet  i n  t h a t  respest  i s  t o  have t h e  PI  o r  
PE o r  knowledgable person s i t t i n g  there  i n  your back 
pocket while you're f l y ing  . . . . 

I th ink  what I would l i k e  t o  say i s  t h a t  when yo11 have 
t h e  equipment t h a t  f l y s  - To me t h e  point i s  i f  you f l y ,  
time and time again it i s  worthwhile t o  go through t h e  
t roub le  t o  having t h e  kind of th ings  we've had i n  t h e  
p a s t ,  but  when it becomes one time only, t h e  man-hour 
investment - It may be questionable.  And there fore ,  we 
have t o  r e l y  on t h e  ea s i e s t  th ing  t o  get  ahold of and we 
would not spend man-hours developing f l i g h t  control  
schematics f o r  flight-unique hardware. 

The ground support was absolute ly  excel lent  t h i s  time; it 
just - it couldn' t  have been b e t t e r .  Both t h e  mission 
con t ro l  and t h e  POC. And Car ter  d id  a super job of being 
a Science Manager, a  science - what you might c a l l  a  
science CAPCOM. We're ge t t ing  aways from CAPCOMs, but 
t h e  recommendations I came out of t h e  f i r s t  sim i s  t ha t  



QUERY 

MUSGRAVE 

you got  someone t h a t  t akes  t h e  p lace  of a CAPCOM i n  t h e  
POC.  He's t h e  guy t h a t ' s  seen enough of y o u .  t r a i n i n g ,  
and seen enough of t h e  hardware t h a t  he knows t h e  hardware. 
He's empathetic with t h e  t a s k  t h a t ' s  got t o  get  done, he 
a l s o  understands t h e  sc ience ,  and h e ' s  a l s o  good i n t e r f a c e  
wl th  a l l  t h e  P I ' S  and t h e  payload i t s e l f .  He d id  a r e a l l y  
sclper job and t h e  s c i e n t i f i c  support was f a n t a s t i c .  We 
always kept people abreas t  of where we were going nex t ,  
s o  they 'd  be a v a i l a b l e  and t h e  way we were followed on t h e  
ground was r e a l l y  ext raordinary .  You could fo rge t  when 
you s t a r t e d  something and you asked, and sure  enough they 
knew exac t ly  when you s t a r t e d  it. So t h e  support t h e r e ,  
t h e  awareness and t h e  a l e r t n e s s ,  and t h e  way they followed 
us  on t h e  ground was r e a l l y  extraordinary.  They r e a l l y  
knew where we were. We kept  t e l l i n g  them, but  t t e y  could 
have, you know - The tough job i s  r e a l l y  on t h e  ground. 
The f l y i n g ' s  f u r  and t h e  ground is a l o t  of work. So 
everyone r e a l l y  kept aware from s t e p  t o  s t e p  of where we 
were. This r a i s e s  t h e  quest ion of W; TV was a f a n t a s t i c  
a s s e t ,  and i t ' s  something we ought t o  t e l l  peopie how 
important it i s .  I t h i n k  w e ' l l  have a hard  time s e l l i n g  
it. I t ' s  a very important a s s e t  not j u s t  i n  terms of  t h e  
d a t a ,  of t h e  c o n t r a c t i l e  p r o t e i n ,  t h e  amoebas, t h e  f i s h  
eggs, t h e  t i s s u e  c u l t u r e s  o r  whatever e l s e  but  opera- 
t i o n a l l y  it i s  extremely important; t h e  TV i s .  We got  
helped a number of t imes ,  by r e a l l y  focusing t h a t  t h i n g  
down, zooming i n ,  and l e t t i n g  t h e  ground see  t h e  way we're 
doing th ings .  They could follow where we were. They 
could even hack t h e  clock on t ime-c r i t i ca l  items and 
remind us when t h e  time came up. They could look a t  t h e  
way we're doing th ings  and sometimes help us ou t ;  give us 
a more optimun way o f  doing t h i a g s .  I th ink  TV i s  r e a l l y  
c r i t i c a l .  and t h e  more TV we can g e t  from a l i f e  sc iences  
mission,  a Spacelab mission, t h e  b e t t e r  o f f  we're going t o  
be .  

Are you saying co lo r  TV o r  j u s t  TV? 

No, I ' m  t a l k i n g  about j u s t  p l a i n  TV, no color  TV, of  
course - The monitor we had onboard, we were seeing much 
b e t t e r .  We d i d n ' t  have a co lo r  monitor so we were seeing 
much b e t t e r  from t h e  l i t t l e  black and white,  t h e  Sony. 
But I guess - But most of t h e  time t h e  ground was asking 
f o r  t h e  co lo r ,  so  apparent ly  you had b e t t e r  r e so lu t ion  on 
t h a t  one. I n  terms of a d a t a  device,  t h e  microscopic TV, 
and t h a t  s o r t  of t h i n g ,  t h e  color  TV i s  very important.  
And I don ' t  know i f  t h a t ' s  been resolved y e t ,  we've asked 
f o r  - Well back a t  t h e  PRR Spacelab I ' v e  put i n  s t rong 



inpu t  t o  g e t  c o l o r  TV. Lou was working t h a t ,  t o o .  Do you 
know where we s tand  on t h a t ?  The c a p a b i l i t y ' s  t h e r e ,  but  
t h e y ' r e  t e l l i n g  us we were t o  ge t  black and white. 

We s t i l l  have b lack  and white. The point  i s  t h a t  t h e  com- 
munication system can t ransmit  co lo r  TV, bandwidth e r r o r  
and a l l  t h a t .  The onboard monitors a r e  s t i l l  b lack and 
whi te .  

MUSGRAVE So, t h a t ' s  acceptable .  I don ' t  t h i n k  t h a t  hur t  us .  

SPUKER : So, t h a t ' s  r e a l l y  a  funct ion of what can - - 
- 

MLTSGRAVE But, i s  Spacelab going t o  provide co lo r  TV f o r  downlink? 
Their  book says black and white. 

SPEAKER T h e i r  book says b lack and white.  

. . 
[ ~ N D E R  OF PAGE BLANK] 



Nothing should prevent us from providing our own color  
monitor o r  camera i n  t h e  Spacelab. 
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That ' s r i g h t ,  but  t h a t  would be i n  t h e  payload. That ' s 
payload-provided. 

I t h i n k  you a l l  can address it even b e t t e r  than I can. I 
t h i n k  i t ' s  extremely use fu l .  

Are you s t i l l  t a l k i n g  about t h e  team o r  where a r e  we on 
t h i s ?  

We ' r e  t a l k i n g  about TV s t i l l .  

Okay. 

It b o i l s  down t o  a team option.  

Okay, i f  we ' re  going t o  have TV, could it poss ib ly  be 
remote 'control led?  I t ' s  not necessary, i t ' s  a f r i l l ,  but  
i t ' s  very b e n e f i c i a l .  The ground wants t o  see something, 
and t h e  crew's busy doing something. I f  it were remote 
con t ro l l ed ,  it would su re  save time and t a l k .  

On t h e  a f t  f l i g h t  deck, we have t h e  c a p a b i l i t y  of going 
out  and performing a l l  t h e  usual  camera funct ions  we've 
had i n  t h e  pas t  v i a  remote control .  

It would be n i c e  i n  Spacelab. 

The Spacelab, t h e  way it works out i s  t h a t  i f  t h e  camera 
i s  of t h e  type  t h a t  it can accept t h e  remote con t ro l ,  t h e  
capab i l iCy  i s  t h e r e ,  because t b e  remote con t ro l  - The 
remote con t ro l  command funct ions  a r e  sent  on t h e  sync l i n e  
which e x i s t s .  So t h e  point  i s  t h a t  c a p a b i l i t y  i s  t h e r e .  

S to ry ,  don' t  you t h i n k ,  though, i f  we'd had a commander 
arid p i l o t ,  we'd have used them f o r  t h a t  ins tead  of having 
t o  break i n t o  t h e  sc ience  . . . ? 

To d i r e c t  t h e  TV? We've got  - I guess I d i f f e r  a l i t t l e  
b i t  from Chuck; I d i d n ' t  mind point ing t h a t  TV a t  a l l .  
Las t  time we had t h e  remote and I d i d n ' t  f e e l ,  you know - 
I d i d n ' t  f e e l  l i k e  it const ra ined me a t  a l l .  And I J u s t  
incorpora ted  it i n  t h e  way I d i d  th ings .  I ' d  reach over 
and grab t h a t  t h i n g  and aim it where I wanted. I ' d  j u s t  
send you s t u f f  t h a t  you d i d n ' t  ask f o r ;  I ' d  j u s t  grab t h e  
camera and send it t h e r e .  And, you know, it would come 



on down. So I d i d n ' t  mind doing t h a t  a t  a l l .  Now I was 
g lad  - I was g lad  we d i d n ' t  have t h e  X ,  Y ' s  and Z ' s ,  t h e  
f / s t o p s  and a l l  t h e  r e s t  of t h i s  s t u f f ;  t h a t  would 
have ea ten  our  lunch. Now Skylab, t h e  TV f o r  every s i n g l e  
experiment, f o r  every medical experiment, you had a  p lace  
you had t o  t a k e  t h e  camera, you had t o  t r i a n g l e  t h e  marks, 
you had t o  gimbal angle X ,  Y ,  and Z f o r  each t h i n g ,  and 
f / s t o p .  And you had t o  go through a l l  those  nmbers and 
it a t e  your lunch. This t h i n g ,  you grab t h e  TV camera, 
you put  it where you want t o  put  i t ,  you aim it a t  what 
you want; i n  o t h e r  words, you ' re  kind of  t h e  TV d i r e c t o r .  
And I t h i n k  we d i d  a  p r e t t y  good job of keeping t h a t  TV 
going. 

DELUCA And I t h i n k  what i s  happening here  i s  t h a t  i s  a  funct ion 
of t h e  comm l i n k s  you have, whereas i n  Skylab we were 
l i m i t e d  wi th  a  s i n g l e  l i n k  doing t h e  th ings .  The ob jec t ive  
was t o  ge t  everything s e t  up with a  minimum amount of 
necessary comm. But given t h e  condit ion we've go t ,  it j u s t  
may be  t h a t  you want t o  observe something s l i g h t l y  d i f -  
f e r e n t  t h i s  t ime than t h e  l a s t  time and . . . t h e r e ' s  
r e a l l y  no problem . .. . an inf luencing f a c t o r  on t h a t .  The 
loop you have allows you t o  ge t  back and f o r t h  much e a s i e r .  
Boy, Skylab, you know, j u s t  t o  come out  of t h e  room and 
say,  we want t o  move it, you've got t o  go up t o  t h e  f r o n t  
room and t h e n  you had t o  go t o  FD, then you'd have t o  go 
t o  CAPCOM. 

SAWIN Another suggest ion,  then,  would be t o  have a  por table  
r e s t r a i n t  f o r  t h e  small ,  handheld Sony-type camera on each 
rack so t h a t  you could quickly p o s i t i o n  t h e  camera on a  
s t r i p  char t  o r  on a  t ransducer ,  and t h e  case of what we 
d i d  f o r  t roubleshoot ing on a  CPU, t h e  computer. 

MUS GRAVE It would go on t h e  handra i l s ,  most l i k e l y .  

SAWIN You'd walk over and c l i p  it on with a  minimum e f f o r t  and 
ge t  it focused i n  on what you ' re  looking a t .  The TV 
worked very w e l l ,  I thought, I mean from what we could 
see .  The only t h i n g ,  Bob was addressing about t h e  function 
of t h e  commander and p i l o t  would be i n  t h e  switching up i n  
t h e  a f t  f l i g h t  deck. That t h a t  would be b e n e f i c i a l ,  what 
you ' re  downlinking and which camera you ' re  pu t t ing  up on 
which monitor. We had t o  run back and f o r t h  up t h e r e ,  but  
we d i d n ' t  do t h a t  too  much. 

DELUCA Along wi th  t h a t  comes t h e  zooms and, and t h e  l i g h t  con t ro l  
. . . He could t a k e  a l l  - he has all t h e  controls  t o  



optimize t h e  p i c t u r e .  !Thati s  what t h a t  p o s i t i o n  w i l l  do. 
Now, l o c a t i n g  it i n  a  d i f f e r e n t  pos i t ion ,  once you get  it 
hooked up t o  a  con t ro l  box, then s e t t i n g  it up l i k e  you 
want on a  t r a n s f e r a b l e  mount, t h a t  would be t h e  function 
down i n  t h e  Spacelab. Given t h a t ,  he could optimize t h e  
p i c t u r e  onboard. 

MZiSGRAVE W e  may be  g e t t i n g  i n t o  t o o  much d e t a i l  here ,  but  t h e  comm - 
a comm would have been cutstanding.  Those th ings  
a t e  our lunch t h i s  t ime.  Didn' t  e a t  our lunch so much t h e  
l a s t  t ime,  but  we had so many umbil icals  running i n  so  
many d i r e c t i o n s  t h a t  not having a  speaker box down t h e r e  
a t e  our lunch. Bil t  a l s o ,  if xe 'd  had wi re less  comm we 
r e a l l y  would have been mucn, much more e f f i c i e n t .  Dragging 
t h a t  - another umbil ical  around. And most of t h e  time 
Chuck was opera t ing,  j u s t  t a l k i n g  i n  t h e  mike hanging 
around h i s  neck and using t h e  speaker box. Wireless would 
have been outstanding.  Again, t h e  ground support was 
f a n t a s t i c .  It abso lu te ly  couldn ' t  have been b e t t e r .  It 
was pe r fec t  and it was probably a  r e s u l t  of t h e  team i n t e -  
g r a t i o n ,  t h e  team approach t o  t h e  mission. It s t a r t e d  on 
from day 1 t h e  s a r e  a s  it d id  t h e  f i r s t  s i m .  We had a  
team approach through t h e  whole th ing .  

SAWIN I ' d  l i k e  t o  compliment everybody r e a l l y .  There was no 
weakness t h a t  I perceived o r  anybody t h a t  I ' d  l i k e  t o  s e e  
doing a  l i t t l e  more; everyone was j u s t  g rea t .  And it was 
p a r t i c u l a r l y  n ice  with F l i g h t  and Procedures and everyone 
t h a t  I knew who was t h e r e .  And I r e a l i z e  t h a t  t h i s  prob- 
ably  won't be t h e  case ,  during r e a l  S h u t t l e  f l i g h t s  when 
t h e y  b r ing  i n  a  PS from somewhere e l s e  and he j u s t  maybe 
shakes hands and says h e l l o  and then goes and does h i s  
th ing .  

MUSGMVE Yes, but; he a i n ' t  going t o  get  t h e  job done t h a t  way; 
t h a t ' s  something we've got  t o  emphasize. 

SAWIN I t ' s  r e a l l y  n ice .  Like when I ' d  c a l l  Science and Car ter  
would be t h e r e ,  they knew what was going on, and he had 
suggest ions,  I knew what he knew, and t h e r e  was personal  
r appor t ,  which i s  very b e n e f i c i a l .  Rather than j u s t  c a l l -  
i n g  some funct ion,  some person who i s  supposed t o  know 
something about t h e  a r e a  you ' re  i n t e r e s t e d  i n .  See, 
t h a t ' s  a l l  p a r t  of t h e  team e f f o r t ,  which i s  very,  very 
n i c e ;  t o  personal ly  know and have worked with each of  t h e  
people t h a t  you ended up t a l k i n g  t o  through a  black box. 
It made it much n ice r .  



MUSGRAVE The d i f fe rence  i s  - You know t h e  North versus  t h e  South 
f o o t b a l l  games. Who watches them? They're some of t h e  
poorest  games going. You've got a  bunch of  s c a t t e r e d  
ind iv idua l s  t h a t  have been thrown toge the r  f o r  a  week. 
Well, t h a t ' s  not  t h e  way we ought t o  p lay  f o o t b a l l ;  we 
ought t o  play f o o t b a l l  with an in tegra ted  team. That ' s  
p r e f l i g h t  a c t i v i t y ,  f l i g h t  con t ro l ,  payloads. Data a v a i l -  
a b i l i t y  again i s  a common denominator extremely important 
f o r  everyone. A s  soon a s  they can ge t  t o  see  i n  t h a t  d a t a  
they know how t h e y ' r e  doing. V i s i b i l i t y  and a c c e s s i b i l i t y  
I t h i n k  came up again;  we had a fantas t ic- looking l a b  bu t  
we d i d n ' t  have t h a t  v i s i b l e .  You couldn ' t  see  i n t o  th ings .  
And t h e  a c c e s s i b i l i t y  - again,  we're not s u ~ g n s e d  t o  f i x  
th ings  up t h e r e .  I f  it breaks,  we're supposed t o  br ing 
it home and f i x  it on t h e  ground. The gqy who's paid  
25 m i l l i o n  t o  ge t  t h e r e ,  h e ' s  not going t o  t a k e  t h a t  a t t i -  
tude;  maybe before f l i g h t  but  once you g e t  f l y i n g ,  i f  i t ' s  
one l i t t l e  pot  you've got t o  get  a f t e r  o r  i f  i t ' s  one 
l i t t l e  t h i n g  t h a t  needs ink i n  it because t h e  pen won't 
w r i t e ,  you're going t o  go do it then.  It only c o s t s  you 
5 minutes. So we need t o  be ab le  t o  get  i n  behind t h i n g s .  
We need components t h a t  you can p u l l  out  and g e t  t o .  
There 's  so  many th ings  t h a t  t h e r e ' s  an easy f i x  t o .  W e  
f ixed  a bunch of  t h i n g s  l a s t  time and f i x e d  a bunch of 
t h i n g s  t h i s  t ime,  by having access.  

SAWIN I t h i n k  t h a t  t h e  cosmic r a y  payload of D r .  C la rk ' s ,  
D r .  Golden, i s  a very excel lent  example of how one can use 
a d i g i t a l  computer e f f i c i e n t l y  and e f f e c t i v e l y .  And by 
t h a t  I mean, a s  opposed t o  our use of  t h e  same computer, 
t o  know t h a t  we had go t t en  our da ta  required  my being t h e r e  
because we had no downlink te lemetry  of any s o r t ,  whereas 
t h e y  had 100 engineering parameters going down and they 
could be panned and surveyed and one could say,  yes  it 
looks l i k e  i t ' s  going a l l  r i g h t .  So, i n  my  ins tance ,  what 
I learned i s  t h a t  i f  I were having somebody f l y  m y  experi- 
ment using t h e  same computer t h a t  I am, I would be darn 
su re  t h a t  I had provis ion t o  downlink some c r i t i c a l  param- 
e t e r s  j u s t  a s  we d id  during Skylab, so  t h a t  you could t e l l  
whether, yes ,  you were g e t t i n g  about what you wanted o r ,  
no, something was t e r r i b l y  wrong. You need a c a p a b i l i t y ,  
many t imes Car ter  o r  B i l l  saved us by saying we're not 
see ing such and such a s i g n a l  t h a t  should be t h e r e  i f  you 
have t h e  r i g h t  patch panel  i n .  

MUSGRAVE On t h e  q u a l i t a t i v e  aspec t s ,  a l l  of t h i s  d a t a  i s  qua l i t a -  
t i v e .  How do you l i k e  i t ?  And without t h a t  c a p a b i l i t y ,  



y o u ' l l  never know t h a t ;  and y o u ' l l  get  home with your 
l i t t l e  t a p e s  and d i sks  and y o u ' l l  go "Oh, God." 

MUSGRAVE We have been moving toward - Most of t h e  payload people 
have been moving toward having t h e i r  own onboard d a t a  
c o l l e c t i o n s  system and not  going f o r  telemetry.  And t h e r e  
was a pressure  t h i s  time put  t o  exerc ise  a c e n t r a l  d a t a  
stream. So it was done, but  we r e a l l y  benef i t ed  tremen- 
dously by sending s t u f f  t o  t h e  ground. So I t h i n k  maybe 
t h e t  needs t o  be reassessed:  how much s t u f f  you ' re  g e t t i n g  
going t o  t h e  ground. And i f  you a r e  sending a l o t  of num- 
b e r s ,  it t a k e s  a l o t  of crew time t o  get  those  numbers and 
t r y  t o  e x t r a c t  t h e  important numbers and send them t3 t h e  
ground and ask them how we're doing, I ' v e  got  a l o t  of  
s t u f f  he re  but  I don ' t  want t o  get  i n t o  too much d e t a i l .  

After t h e  l a s t  s i m ,  we had 1 3  experiments and I s a i d ,  
looking a t  these  1 3  and t h e  excess stowage we had, we 
should be f l y i n g  20. And t h a t ' s  what I had put  i n t o  my 
t e s t  r e p o r t .  The l a s t  one we flew 20; we had room f o r  
more. In  terms of crew t ime,  we a l s o  could have flown a 
l i t t l e  more. Sometime we're going t o  f l y  a mission t h a t  
we don ' t  ge t  it a l l  done. 

The workbench, I guess t h a t ' s  a Spacelab th ing .  The Space- 
l a b  workbench i s  abso lu te ly  c r i t i c a l .  That was fantas-  
t i c a l l y  important.  It was full enough t h a t  you d i d n ' t  have 
a l o t  of  those  shelves you could p u l l  o u t ,  and t h e  experi-  
ment rack here  and a bunch of shelves here,  and a bunch of 
shelves t h e r e ,  t o  ge t  your work a rea .  A l o t  of those  
th ings  took a b i g  work a rea .  I n  zero g ,  t h e y ' r e  going t o  
t a k e  even more space because they need a l l  t h e  necessary 
r e s t r a i n t s  and t h a t  s t u f f .  So f o r  l i f e  sciences mission,  
t h a t  workbench i s  abso lu te ly  c r i t i c a l .  You grab a l l  t h e  
bags, you go over and push it down, and y o u ' l l  hang 
th ings  - t e s t  tube  r e s t r a i n t s  o r  whatever e l s e  - a l l  over 
t h a t  t h i n g  and then  you ge t  ready t o  run.  There 's  so 
many examples t h a t  you saw t h e r e :  t h e  dash 11, t h e  AF'S 
and t h e  GO,  doing a l l  t h e  r o t o r s ,  handling a l l  t h e  blood, 
Lay it a l l  out t h e r e .  You saw it l a i d  out f o r  t h e  dash 
s i x e s ,  t h e  r a t s .  Lay t h e  whole th ing  ou t ,  g e t  it a l l  
ready and o f f  you go and usual ly  i t ' s  t h e  layout  and t h e  
prep t h a t ' s  t h e  important p a r t .  It took much more time. 
You know, l a y  everything out  and once you get  t h e  produc- 
t i o n  l i n e  going, she r e a l l y  goes. Something l i k e  a laminar 
flow bench t h a t ' s  base l ine  f o r  t h e  Spacelab; t h a t  is  r e a l l y  
import a n t .  

4 1  



H(JFFSTETLER Is t h e r e  anything you would add t o  t h a t  workbench? 

MUSGRAVE Well, we're one g-ing it r i g h t  now; you r e a l l y  need t o  
t a k e  a  hard  look a t  t h e  zero-g operat ion.  You can t a k e  
those  experiments, %he ones we flew on t h e  l a s t  two sims, 
and look a t  what ' s  base l ine  f o r  Skylab and exerc i se  i n  
your mind, mental ly and on paper you could exerc ise :  does 
t h a t  workbench f i t  t h e  requirements of t h e s e  experiments? 
For one g ,  f o r  r i g h t  now, it ' s nea t ,  but  it i s  one g. But 
t h a t  needs t o  be an exo t i c  t h i n g  with r e a l  f l e x i b i l i t y  f o r  
on-orbit stowage and prep.  That th ing  i s  r e a l l y  c r i t i c a l ,  
and t h a t ' s  a  Spacelab input  a s  opposed t o  payloads. I ' v e  
got  a  bunch o the r  d e t a i l s  and th ings  on payioads but I 
don ' t  want t o  get  i n t o  q u i t e  t h a t  much d e t a i l .  

Spacelab, B i l l ,  you might t r y  weighing t h i s  payload, i f  
you haven ' t  a l ready.  I t ' s  a  recommendation I came out 
wi th  t h e  f i r s t  one. We're looking a t  t h e  t o t a l  amount of 
power, we d i d  a  thermal ana lys i s  l a s t  time on how many 
Btu 's  we were pumping and t h a t  kind of s t u f f .  You might 
weigh t h i s  payload when you t ake  it o u t ,  i f  you haven' t  
a l r eady ,  t o  give us an es t imate  f o r  t h i s  mission,  how much 
weight d i d  we have on the re?  I don ' t  know i f  t h a t ' s  a  
const ra in ing f a c t o r ,  I don ' t  know i f  we were approaching 
i t ,  however many we ' re  allowed. But t h a t ' s  another input 
we could make t o  Spacelab. 

BENSON On f l i g h t s ,  I guess t h e  c.g. i s  important . . . balance.  

MUSGRAVE Yeah. Those weren' t  necessa r i ly  Spacelab racks ,  you know, 
t h e  problem with t h e  drawers. But t h a t ' s  too  much d e t a i l ;  
we won't ge t  i n t o  t h a t .  But t h e r e  a r e  a  l o t  of Spacelab 
con t r ibu t ions  which our d e t a i l  w i l l  ge t  i n t o  l a t e r .  
Lights ,  ECS, and t h a t  k ind of t h i n g .  

A l i t t l e  b i t  on core equipment, I th ink  t h e  mul t i tu r re ted  
microscope where you can view it ,  you can t ake  motion 
p i c t u r e  photography and downlink TV, i s  a  r e a l l y  good th ing  
f o r  l i f e  sciences mission. The color video. A bunch o the r  
t h i n g s  t h a t ,  j u s t  t o  h i t  a  few ideas ,  t h e  diagnostic  
osc i l loscope ,  osc i l loscop ic  cameras, mult imeters,  those  a r e  
some of t h e  ideas ,  but  I don ' t  want t o  ge t  i n t o  t h a t  much 
d e t a i l .  

Radioisotopes, holding and handling, now t h a t  came out of 
t h e  l a s t  sim. I recommended we need a  ~ e c h a n i s m  f o r  put- 
t i n g  on radioisotope and t h e  15-A,  t h e  cardiac  output ,  a l l  
along we j u s t  got t h e r e  too  l a t e  when we got  t o  them and 



s t a r t e d  t h e  t r a i n i n g  t h e y  s a i d ,  w e l l ,  gee,  we d i d n ' t  t h i n k  
w e  were going  t o  do t h a t  and I r e a l l y  pushed t o  do it f o r  
r e a l ,  where we were r e a l l y  u s ing  t h e  r a d i o i s o t o p e s .  And 
I guess  it got  down t o ,  t h a t  p a r t i c u l a r  i s o t o p e  t h e y  
wanted t o  u s e  was - t h a t  we were not  an  approved hand l ing  

.agency f o r  t h a t .  

CLARK Didn ' t  have a l i c e n s e  t o  accommodate t h a t .  

MUSGRAVE But t h a t ' s  something. Radio iso topes  a r e  a  super t o o l  f o r  
r e a l l y  g e t t i n g  down t o  fundamentals of b io logy .  We ought 
t o  have t h e  same l i c e n s e  any medical  cen te r  does and we 
ought t o  have t h e  mechanism f o r  any r a d i o i s c t o p i c  s tudy  
t h a t  wants t o  be  done t o  d a t e ;  t h e  mechanism's t h e r e  where 
t h e y  could  come on i n  and do it so  we d o n ' t  run  i n t o  t h a t  
k ind  o f  end. It w a s  a  problem t h i s  t ime,  we j u s t  c o u l d n ' t  
add it. Now i f  we've g o t t e n  t o  t h e  P I  e a r l i e r ,  l i k e  a  
month e a r l i e r  we had a  t r a i n i n g  s e s s i o n ,  we could  have 
pushed f o r  t h e  r e a l  t h i n g  and maybe t h e y  would have had 
t i m e  t o  g e t  it on. But t h a t ' s  t h e  k ind  of t h i n g  - w e  need 
t h a t  mechanism, I t ' s  p a r t  o f  c o r e ,  t h a t ,  ye s ,  w e  can  do 
a l l  t h a t .  I ' 11 j u s t  wind it up he re .  

F a c i l i t y  

MUSGRAVE I n  te rms  o f  t h e  f a c i l i t y ,  we hap- a  f a n t a s t i c  f a c i l i t y  
t h e r e ,  t h e  whole t h i n g  was. The Spacelab f a c i l i t y  i n t e -  
g r a t i o n  p roces s  was r e a l l y  n e a t .  We exe rc i sed  a  l o t  o f  
p a r t s  i n  terms of  t h e  h a b i t a b i l i t y ,  t h e  waste management 
system, it d i d  crump, b u t  we c e r t a i n l y  d i d  s tudy t h e  con- 
c e p t .  Both t h e  BMS and t h e  WCS, I t h i n k  we made a  l o t  
i n p u t s .  I po in t ed  out  a l o t  o f  problems, not  r e a l l y  
problems b u t  t h i n g s  t h a t  needs looking  a t ,  n o i s e ,  l i g h t s  
and t h a t  k i n d  of  s t u f f  . 
We're g e t t i n g  i n t o  t o o  much d e t a i l .  The t r a s h  system, 
you know, it sounds l i k e  a  l i t t l e  t i n y  l i t t l e  t h i n g ,  b u t  
i t ' s  massive. The t r a s h  sys tem's  got  t o  work. The wet 
t r a s h  system t h e r e  i s  a b s o l u t e l y  e s s e n t i a l .  Now Spacelab 
i s  r e q u i r e d  t o  provide  t r a s h ,  say ,  f o r  a l i f e  s c i ences  
miss ion ,  t h e y ' r e  r e spons ib l e  f o r  t r a s h .  What have t h e y  
go t  now? They've g o t  bags.  What e l s e  t hey 've  g o t ?  
Nothing. And i f  we ' r e  going t o  have t h e  kind of waste  we 
had on t h i s  mission and a backup waste system, t h e y  prob- 
a b l y  need t o  t a k e  a  f o u r t h  o f  a r ack ,  i n  o t h e r  words, i f  
you look  a t  t h e  double r a c k ,  t h e y  need a h a l f  o f  a  h a l f  
of r a c k ,  and have t h a t  a s  a  t r a s h  system, Maybe t h e y ' l l  
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vent  it t o  vacuum; maybe t h e y ' l l  have a  very mini Skylab 
type  - o r  something l i k e  t h a t .  But t r a s h  i s  r e a l i y  impor- 
t a n t .  And f o r  l i f e  sc iences  p a r t i c u l a r l y  t h e  wet type  
t r a s h .  And I don ' t  know how b i g  t h e  Orb i t e r  one i s  o r  
i t s  exact  c h a r a c t e r i s t i c s ,  bu t  i t ' s  something f o r  t h i s  
type  o f  mission needs looking a t .  It may sound l i k e  a  
r e a l  smally b u t ,  i f  you don ' t  have a  p lace  t o  put  it, it 
g e t s  ve ry  b i g .  

We' l l  h i t  a  l o t  more d e t a i l s  t h i s  af ternoon.  And t h i s  
af ternoon we've g o t ,  what? A couple of hours. I ' d  l i k e  
t o  s e e  a  l o t  of  more people do a  l o t  more ta i l r ing  because 
a  l o t  o f  o t h e r  people got  ideas  an th ings .  It wasn't  a l l  - 
Espec ia l ly  t h e  t e s t  ops team t h a t  was p a r t  of  t h i s  t a r n .  
You know, g e t  t h e i r  ideas  and be  th inking about it t h e  next 
hour o r  2 ,  g e t  t h e i r  i d e a s  on - t a k e  t h e  f l o o r .  

Has any o f  t h e  crew thought about t h e  means of  maybe an 
a d d i t i o n a l  t e s t  wi th  c u r r e n t  conf igura t ion  of experiments 
and d a t a  systems t h a t  we may have before  we go i n t o  up- 
graded program f o r  t h e  next t e s t .  E i the r  as a  l i t t l e  t e s t  
o r  of  c e r t a i n  a reas?  

I h a v e n ' t ,  but  I w i l l .  

B i l l ,  i t ' s  been my thought before  we ever went i n t o  t h i s  
t e s t ,  t h a t  now t h a t  we f i n a l l y  got t h i s  f i n e  f a c i l i t y  put  
t o g e t h e r ,  i t ' s  a  r e a l  shame t h a t  t h e  day a f t e r  we walk out  
of t h e r e  people a r e  going t o  s t a r t  r ipping it a p a r t .  And 
t h a t  one should consider  mini sims o r  whatever you want t o  
c a l l  them i n  s p e c i f i c  a reas .  A s  S to ry  s a i d ,  I don ' t  t h i n k  
w e  walked out  of t h e r e  wi th  a  f e e l i n g  t h a t  t h e r e  were t h a t  
many problems t h a t  we need t o  work. That doesn ' t  mean t h a t  
o t h e r  people on t h e  ou t s ide  might not  want t o  g e t  back i n  
and have us do some t h i n g s ,  o r  o the r  people do. Like t h e  
WCS . 
. . . what about your subsystems . . . ? 

We'l l  t h i n k  o f  th ings  and most of t h e  PIS a r e  here  and 
w e ' l l  g e t  t o  them tomorrow. I know t h e y ' r e  going t o  want 
t h e i r  payloads back r e a l  soon. But what I ' v e  been hearing 
t h e  management counci l  coming down here i n  t h e  next 3 weeks 
and a  l o t  of  o the r  people want t o  ge t  i n  and look a t  t h e  
f a c i l i t i e s ,  e s p e c i a l l y  wi th  t h e  v i s i b i l i t y  we've go t t en .  
I t h i n k  i t ' s  extremely important t o  keep t h a t  t h i n g  
t o g e t h e r  long enough f o r  t h e s e  people t o  g e t  a  look a t  it. 



KlTFFSTETLER I ' d  l i k e  t o  ask t h e  same quest ion of Lou . , . . Would it 
b e n e f i t  t h e  t e s t  team . . . t o  continue t h e  operat ion i n  
t h e  present  f a c i l i t y ?  

DELUCA Which operat ion a r e  you t a l k i n g  about? 

HUFFSTETLER Keeping it up t h e  way it i s  now. 

DELUCA Yes, I guess I f o r  one r i g h t  now would l i k e  t o  go i n  and 
ask  sll t h e  PE's t o  measure t h e  a c t u a l  power dra ins  f o r  . 
what they've had so we get  some kind of  a  number. We' l l  
t a k e  t h o s e  d ra ins  an? work them aga ins t  t h e  time l i n e  t h a t  
we f lew with and see  what it represen t s  i n  terms of a peak . 
power loading a t  any one time i n  t h e  worst case.  The 
ca tegor ies  I see  a re :  s leeping power l e v e l s ,  experiment 
power l e v e l s ,  averages, experiment l e v e l  peak powers, 
t o t a l  power used - t o  l e t  t h e  Orb i t e r  know - Well,  l e t ' s  
f i rs t  f i n d  out  what t h a t  number says with respect  t o  t h e  
b a s e l i n e .  And t h a t  includes X-21; I th ink  w e ' l l  t a k e  t h e  
whole payload and add it a l l  toge the r .  

CLARK Our power requirements a l l  went i n  t o  somebody over i n  
bu i ld ing  30, who d id  a complete study of what our power 
drainages were and th ings  l i k e  t h a t .  

DELUCA I ' m  aware of  t h a t .  

SPEAKFR I don ' t  know, was t h a t  done on Spacelab systems a l so?  

DELUCA I t ' s  going i n  t h e r e .  I don ' t  know how much of  it is t h e r e ,  
r i g h t  now. The point  i s ,  r i g h t  now when I t r i e d  t o  look 
up t h e  data  we got spec d a t a ,  not a c t u a l  measured da ta .  
And I d e t e c t ,  i n  looking a t  what we saw out  of t h e  c h a r t  
recorder ,  t h e r e ' s  a  b i g ,  b i g  d i f fe rence .  

MUSGRAVE Which d i rec t ion?  More? 

DELUCA A l o t  more was s p e c i f i e d  then a c t u a l l y  used. There were 
t imes when you were coming up and i f  I would go through 
t h e  ICD and l i s t  out  a l l  t h e  power t h a t  was spec i f i ed ,  
t h e  peaks should have been a l o t  h igher .  I suspect what 
we have i s  a l i s t  of maximum l e v e l s  r a t h e r  than t h e  a c t u a l  
ones and I would j u s t  l i k e  - and t h a t ' s  necessary t o o ,  
but i t ' s  good t o  have both. 

CLARK One t h i n g ,  on t h e  sound l e v e l  measurements t h a t  were made 
before  th ings  were modified too  much, you see - The carpet  
should be pu l l ed  out of t h e  middeck and redo t h e  sound 
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l e v e l  measurements with t h e  carpet  out of t h e r e .  Because 
I t h i n k ,  from t h e  dry runs t h a t  we had, when t h e  carpet  
went i n  it d i d  buf fe r  t h e  sound q u i t e  a  b i t  from t h e  BMS 
and from t h e  oven. So another s e t  of readings with t h a t  
out of t h e r e  should be appropr ia te ,  I th ink .  

Is t h e r e  any cur ren t  plan f o r  holding it i n t a c t  . . . ? 

. . . another 3 weeks . . . 
I need it j u s t  t o  come up f o r  t h e  f i n a l  r epor t .  I need 
t o  get  i n  t h e r e  acd ge t  i n  f r o n t  of eazh e x ~ e r i m e n t  acd 
look at t h e  t h i n g  and th ink  about t h e  h i s t o r y  of what 
happened. I need t h a t  p iece  of hardware i n  f r o n t  of ne  
t o  go over what happened and p u l l  out t h e  l e s sens  learned.  

Something I would l i k e  a  b i t  of information too i s  t h a t  
we l i f t e d  o f f  i n  some power conf igura t ion and t h a t ' s  
unknown. So between you and t h e  PE I ' d  l i k e  t o  go through 
and f i n d  out  what was on p r i o r  t o  t h e  Spacelab ent ry .  

I can t e l l  you. 

Do you want t o  do t h a t  now o r  make t h a t  p a r t  of t h e  systems 
th ing? 

We'll wa i t .  I can t e l l  you . . . what was powered up. 

Story ,  i n  t h e  write-up of your r e p o r t ,  do you plan  on 
p u t t i n g  down any amount of d e t a i l  on t h e  malfunction 
procedure . . . ? 

No. What I do i s  - Well, i n  t h e  f i r s t  r epor t ,  I put down 
t h e  event t h a t  happened, then I put  down what I t h i n k  t h e  
meaning of  it i s  and come out  with a  recommendation, what 
t h e  l e s son  learned was and t h e  recommendation. And i n  
t h a t  I c i t e  examples. I don ' t  go down through each one 
and address every malfunction, but  where I th ink  t h e r e ' s  
a  l e s son  t o  be learned from it, I s t a t e  what t h e  lesson i s  
and t h e n  i n  parentheses I put  domi t h e  examples t h a t  f i t  
t h i s  l e s son .  There were very,  very few t h i s  t ime,  very ,  
very few. A s  you know, we a n t i c i p a t e d  many, many more. 
They j u s t  weren' t  t h e r e .  But I th ink  a  place t o  f i n d  
those  i s  probably t h e  P I ' S  r e p o r t .  I th ink  t h a t  t h e  P I ' S  
r e p o r t ,  when they address t h e i r  own experiment. I t h i n k  
i f  a malfunction occurred I would expect t o  f i n d  it t h e r e .  
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What I was t h i n k i n g  about i s ,  I r e a l i z e  - I t h i n k  we  
d i s c u s s e d  t h i s  w i th  t h e  PRR. T h e r e ' s  n o t  going t c  b e  a 
l o t  o f  mal func t ion  procedures  onboard, y e t  t h e r e  nay very  
w e l l  be  a l o t  of mal func t ions  t h a t  have t o  be  taken  ca re  
o f ,  And what l e v e l  o f  d e t a i l  t h e  crew g e t s  i n t o  r e l a t i v e  
t o  t h e  systems,  t h e  d e t a i l e d  systems I t h i n k  i s  y e t  t o  be  
de f ined .  What I ' m  concerned about  i s  t h a t  t h e  crewman i s  
going  t o  do eve ry th ing  he  can GO t o  make t h i s  system work 
i f  it f a i l s .  But he a l s o  needs t o  know enough where, when 
he works w i t h  something, he knows e x a c t l y  what h e ' s  working 
wj.th i n  t e rms  of s ay  f o r  e l e c t r i c a l  shock. 

I had t h e  power o f f .  

But t h e r e ' s  a l o t  o f  t imes  t h a t  you could  look a t  some- 
t h i n g ,  go ahead and f i x  it. It looks  very  innocent ,  but  
you may v e r y  w e l l  b e  working r i g h t  next  t o  something t h a t  
could  r e a l l y  zap you, i f  you d o n ' t  have t h a t  t ype  of d e t a i l  
aboard.  

I d o n ' t  t h i n k  it should be  onboard. The way t h e  t r a i n i n g  
sequence i s  going,  I recommended f o r  t h e  f i r s t  one and I 

I 
I 
I 

t h i n k  about t h e  same now ( f o r  t h e  most p a r t  t h e  ground's  I 

g o t  r e s p o n s i b i l i t i e s  f o r  m a l f s ) ,  t h a t  we should have enough 
t r a i n i n g  t o  become ex tens ions  of  t h e  ground. That we 
should  be  a b l e  t o  p u l l  ou t  a component and we should go 
t o  a c e r t a i n  va lve  and t e l l  t h e  ground t h i s  va lve  i s  i n  
t h a t  p o s i t i o n .  We should b e  a b l e  t o  t a k e  a mult imeter  and 
go t o  a c e r t a i n  t e r m i n a l  on a c e r t a i n  bus t h a t  t h e  ground 
has  asked  u s  t o  f i n d  and t e l l  them what t h e  vo l t age  i s  on  
t h a t  t e r m i n a l .  I n  o t h e r  words, I t h i n k  f o r  most o f  t h i s  
s t u f f ,  t h e  ground w i l l  become prime f o r  most of t h e  mal fs  
and w e ' l l  become extens ions  of  t h e  ground. 

Turning t h e  power o f f ,  o f  course ,  i s  one s o l u t i o n .  I 
v i s u a l i z e  we ' r e  going t o  be  f l y i n g  hardware t h a t ' s  going t o  
have some superhigh c a p a c i t o r s  on t h a t  t h i n g .  And we need 
t o  know t h e  d e t a i l s  of  b l e e d  down c i r c u i t s ,  and when t h a t  
c a p a c i t o r ' s  s t i l l  h o t ,  and t h i s  t y p e  o f  t h l n g .  

But t h e  number of mal fs  t h a t  can happen i n  t h i s  t y p e  of 
equipment a r e  i n f i n i t e .  I t ' s  l i k e  t r y i n g  t o  p l a y  a chess  
game w i t h  a computer; t h e  a l t e r n a t i v e s  a r e  about i n f i n i t e .  
Now i f  you 've go t  a malf t h a t  we - we had some i d e n t i f i e d  
h e r e ,  we d i d  some malf t r a i n i n g  and we had some i d e n t i f i e d .  
I f  you 've  got  a malf t h a t ' s  l i k e l y  and recognizable ,  t hen  
you need a r e a l  procedure f o r  it t h a t  you can whip out and 
do i t .  But f o r  t h i s  t y p e  o f  equipaent  t h e  n w b e r s  o f  pos- 
s i b i l i t i e s  a r e  about  i n f i n i t e .  



MILLER You would v i s u a l i z e ,  s t i l l ,  coming t o  t h e  ground and say- 
I t  

ing ,  t h i s  i s  what t h e  problem is"? And have t h e  ground 
team do t h e i r  t h i n g  l i k e  they 've  always done i n  t h e  
p a s t .  . . . 

MUSGRAVE Yes, but  we should know enough about it t o  be good exten- 
s ions  of t h e  ground. A c c e s s i b i l i t y ,  v i s i b i l i t y ,  and be 
ab le  t o  be extensions and t e l l  them what ' s  going on. 

DELUCA A s  p a r t  of what you ' re  t a l k i n g  about, you know, q u i t e  o f t e n  
t h i s  morning we mentioned t h a t  u s e r ' s  guide. Some way w e  
have t o  provide t h e  P I ' S  away from us some ins igh t  . . . 
come onboard and a l l  t h e  s t eps  t h a t  we go through. And 
again,  of i n v i t i n g  t h e i r  p a r t i c i p a t i o n  i n  c e r t a i n  t h i n g s .  
Pa r t  of t h a t  should 5 e  t o  have them t e l l  us of p o t e n t i a l  
hazards t h a t  we ought t o  i d e n t i f y ;  t h e  kind of th ings  we 
would l i k e  them t o  t e l l  us ,  so t h a t  should be pa r t  of t h e  
u s e r ' s  guide t h a t  says equipments of c e r t a i n  nature ,  you 
expect of c e r t a i n  t h i n g s  t o  be i n  it. And we'd l i k e  them 
t o  come back because, you know, i n  terms of t h e  hazardous 
mate r i a l s  t o o ,  t h e y ' r e  going t o  have t o  confirm t h a t  they 
do not have t h e s e  kind of th ings  onboard. 

That w i l l  t a k e  p lace .  

DELUCA And t h i s  p a r t  of t h e  s a f e t y  th ing  should be on t h a t  same 
nature .  

MILLER We'll  have some form of hazard ana lys i s  on each payload 
t h a t  f l i e s .  I t ' s  not going t o  be t h e  depth of hazard 
a n a l y s i s  t h a t  we're used t o  seeing.  But t h e r e  w i l l  be a 
form of  hazard ana lys i s  on every payload. And we hope 
t h a t  we can i d e n t i f y  some of those  type  of th ings  i n  t h e  
hazard a n a l y s i s  t h a t  w i l l  be of a s s i s t a n c e  i n  t rouble-  
shooting and malfunction procedures. Tha t ' s  t h e  way we 
ge t  a handle on t h a t .  

MUSGRAVE You have t o  impart even t h e  philosophy t o  them about f i x i n g  
something when i t ' s  remote. When they have something 
break,  they  c a l l  i n  the  se rv ice  rep  o r  t h e  technic ian ,  you 
know, and he  comes i n  and f i x e s  it and t h a t ' s  it. I don ' t  
th ink  most people t h a t  a r e n ' t  wi th in  t h e  space organizat ion 
understand f i x i n g  something when i t ' s  remote and you have 
a nonexpert t h a t ' s  out  t h e r e  wi th  it. Yet it can be 
accomplished. 
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. . . something e l s e  on a d i f f e r e n t  sub jec t?  On t h e  opera- 
t i o n s  o f  t h e  corn loop and t h e  d iscuss ions  t h a t  took p lace  
p rev ious ly  about t h e  Science Manager and how t h e  comm was 
k~andled. There were a c t u a l l y  two modes of opera t ions  going 
on during t h i s  simxl.al;ion. The sc ience  CAPCOM mode of 
opera t ion  f o r  t h e  medical experiments, which was necessary 
because o f  t h e  l e v e l  of  t h e  i n t e g r a t i o n  o f  a l l  those  
experiments, and then a separa te  type  of corn t h a t  was 
done on our type  o f  payload where we had a ground support 
team t h a t  was t h e r e  i n  t h e  sc ience  support room. We a l s o  
had a remote science a rea .  So it was two t o t a l l y  d i f f e r e n t  
t y p e s  of  communications opera t ions  between t h e  medical 
experiments and between our experiments. 

We had d i r e c t  t o  t h e  P I ,  t oo .  

Yes, but  I ' d  l i k e  Car ter  t o  comment on t h e  opera t ion  of  
t h e  comm loop a l i t t l e  b i t  and how t h a t  worked o u t .  I 
thought it went r e a l  we l l .  Espec ia l ly  on our experiment 
where we had t h e  remote sc ience  a r e a  support .  

I t h i n k  it went outstanding with t h e  equipment t h a t  we had 
a v a i l a b l e  t o  us.  We understand t h a t  t h i s  i s  going t o  go 
away, b u t  one t h i n g  t h a t  b i t  us t h e  most i n  respect  i s  t h e  
f a c t  t h a t  you guys had some real- t ime demands a t  t h e  same 
t ime we d i d  and t h e  way it was configured i n  t h e  backroom 
where we were we had t o  r e l i n q u i s h  air-to-ground t o  X-21 
0.1- t h e y  w o d d  have t o  r e l i n q u i s h  it t o  us .  It ,just 
depended on who needed it t h e  worst a t  t h e  t ime.  

Well, you know, we were t a l k i n g  simultaneous sometimes 
wi th  both  voices ,  bu t  we s t i l l  pu l l ed  it o f f .  You know, 
you can f i l t e r  your e a r  - 

Plus  we ' re  going i n  between t h e  handy t a l k i e .  

We could go wi th  air-to-ground 1 and air-to-ground 2 ,  
perhaps,  next t ime,  i f  t h a t  would give us  base l ine  f o r  
S h u t t l e  . . . . 
I f  Orb i t e r  doesn ' t  r e q u i r e  i t ,  you've got  another  channel 
t h e r e .  We're going t o  be running two channels simulta- 
neously. And so ,  you could l a s h  up t h e  Orb i t e r  loop l i k e  
t h a t  i f  eve ry th ing ' s  r e a l l y  qu ie t  on t h e  Orb i t e r  s i d e .  

I n  a case  where it became necessary,  then you could t u r n  
it over l i k e  t h i s .  The o the r  o the r  ques t ion  t h a t ' s  s t a r t i n g  
t o  a r i s e  now i s :  w i l l  we have two loops a s  o f t e n  a s  we 
t h i n k  we w i l l ?  



WFEBTY One f u r t h e r  comment on an  aspec t  of  communication t h a t  we 
thought  about b u t  c o u l d n ' t  implement t h i s  t ime.  That was 
pa t ch ing  an  o u t s i d e  phone c a l l  from a P I  i n t o  t h e  a i r - t o -  
ground. Ca r t e r  was speaking o f  ba lanc ing  a c t  t h a t  we 
were doing t h e r e  i n  t h e  backroom. Well,  I w a s  doing t h a t  
w i t h  an o u t s i d e  phone s tuck  i n  my t h i r d  e a r ,  f o r  one t rou -  
b l e shoo t ing  ep isode  we had t h e r e  and i f  indeed we ever  
could implement t h i s  o u t s i d e  P I  phone c a l l  pa t ch  i n  t h e  
air-to-ground, I t h i n k  we could s imp l i fy  some of  t h i s  
t roub le shoo t ing .  

MUS GRAVE T h a t ' l l  be  t h e r e ,  b u t  t h i s  s i m  su r f aced  t h a t  problem. 

CRESS It would have he lped  u s  on t h e  WCS a l s o .  

CLARK We ceeded a l l  t h e  h e l p  we could g e t  on t h a t .  

MORRISON One comment. It seemed t o  be  t h e  key - t h e  same t h i n g  we 
heard  on s i m  I - t h e  onboard team e f f o r t  o f  c ros s -  
i n t e g r a t i n g  what y o u ' r e  doing t o  g e t  t h e  job done i s  t h e  
way t o  go. It r e a l l y  works. It doesn ' t  ma t t e r  i f  y o u ' r e  
t a l k i n g  t o  two d i f f e r e n t  guys at t h e  same t ime t h e  comm, 
o r  he lp ing  on mal fs ,  o r  whatever.  But I t h i n k  one comment 
t h a t  needs T O  b e  po in t ed  ou t  he re  i s  t h a t  we've go t  an 
i d e a l  case .  S t o r y  Musgrave i s  a f a n t a s t i c  sparkplug,  and 
I t h i n k  t h a t  - t a k e  it through a d i f f e r e n t  spectrum. I ' m  
t h e  k ind  o f  guy t h a t  works s e v e r a l  d i f f e r e n t  t h i n g s  at 
t h e  same t ime,  on a c r a s h  schedule.  And you heard  Chuck 
s a y  he d o e s n ' t  normally work t h a t  way, and y e t  you g e t  
swept up i n t o  i t .  And i f  you d o n ' t  have a guy l i k e  S t o r y  
t h a t ' s  i n  t h e r e  a s  a sparkplug ,  it may work a l i t t l e  
d i f f e r e n t  i f  you g e t  a P I  from o u t s i d e  who's r e a l l y  a v e r y  
narrow s p e c t r a l  guy. I f  you 've got  a guy l i k e  him, i f  
you 've got  a sparkplug  you g e t  caught up i n  h i s  enthusiasm, 
p r e t t y  soon y o u ' r e  working f a n t a s t i c  schedules  and you 
i n t e g r a t e  and you g e t  t h e  job done, a s  a team no ma t t e r  
what problems come up. I t h i n k  t h a t ' s  an unusual capa- 
b i l i t y  we have r i g h t  now. I wonder wha t ' s  going t o  happen 
w i t h  . . . ? 

CRESS I ' d  l i k e  t o  fo l low up on t h a t .  Someone on t h e  ground 
mentioned t o  me and I thought  he p a i d  you one o f  She h ighes t  
compliments, a t  l e a s t  I looked a t  it t h a t  way. We were 
j u s t  g e t t i n g  t i r e d  watching you i n  t h e  a i r .  He s a i d  he  
would r a t h e r  go t o  Marine boot camp then  be  locked up f o r  
7 days i n  t h e r e  w i t h  you. 



SAWIN It he lps ,  h e ' s  a  l i t t l e  b i t  crazy. 

MUSGRAVE But t o  t e l l  you, t h e r e  were days - and I almost f e l t  
undisc ip l ined doing I t .  B c t  day 6 was a good one. But 
t h e r e  were o t h e r s  that we were laughing and playing i n  
a re laxed  atmosphere and gr inding out  t h e  work. There 
was a sense of humor t h e r e  and it wasn't  a  malignant kind 
of  aggressiveness where you ' re  j u s t  charging. It was 
r e a l l y  a re laxed atmosphere and everybody having a good 
time and s t i l l  r e a l l y  gr inding out  t h e  work, I mean it 
was p e r f e c t .  

. MERRITT Story ,  t h e r e  was one o the r  aspect  t h a t  was edded t h a t  
wasn't  t h e r e  on t h e  previous s i m s .  That was t n e  aspect  
of t h e  s i m  people being involved i n  introducing 
problems . . . 

SAWIN It was j u s t  dreadful .  Ekerytime Benson opened t h e  door, I 
knew it was t roub le .  No, r e a l l y  it was a super idea .  I 
guess i t ' s  not a  new idea  but  I th ink  it had some very 
b e n e f i c i a l  aspects .  Of course,  you never knew how it was 
going t o  impact you, o r  whether it was impacting t h e  
ground and it made it r e a l  i n t e r e s t i n g .  I ' d  l i k e  t o  have 
seen more t e c h n i c a l ,  - I mean ha.rd, l i k e  disconnecting 
a wire here  o r  t h e r e  - type  f a i l u r e s ,  which r e a l l y  SIMSUP 
needed t o  come i n  i n  t h e  n ight  and do something. I guess 
i t ' s  a hard  t h i n g  t o  incorpora te ,  but  where you r e a l l y  
have a d i s c r e t e  malf t h a t  everybody's got  t o  t e a r  i n t o .  
But, yes ,  we r e a l l y  needed it t h i s  time. We d i d n ' t  th ink  
we were going t o  need it from experience l a s t  time but  it 
j u s t  d i d n ' t  work out  t h a t  way. But we d id  knock them down 
i n  a hurry  and t h e r e  were some p r e t t y  grim a l t e r n a t i v e s .  
But t h e r e ' s  only one way t o  p lay  t h e  game and i t ' s  a game, 
but  then  a l l  t h e  space f l i g h t s  and a l l  t h i s  t r a i n i n g  and 
simulat ion we do t o  do it r i g h t  t h e  f i r s t  time, i t ' s  
playing t h e  game a s  se r ious  a s  you can. When you introduce 
a problem, we accepted it a s  a problem and c a r r i e d  t h e  
b a l l .  

HUFFSTETLER Tha t ' s  t h e  way, t h e  reason, we were saying t h a t  when 
Bob Clark stuck h i s  hand i n  t h e  WCS we were a f r a i d  t o  t e l l  
him it was only a s i m  problem. 

NUS GRAVE Yeah, t h a t  was ( l a u g h t e r )  . . . grim. 

SAWIN Wait 'ti1 you see  t h e  p i c t u r e s .  

Yes, wait  'ti1 you see  t h e  p ic tu res .  

5 1  



We zlosed t h a t  a r e a  o f f  a t  l e a s t  th ree  times and s a i d  no 
more. Bob kept going back. He came out  Sunday morning, 
he s a i d ,  t h a t  i s  abso lu te ly  t h e  l a s t  t ime.  

MUSGRAVE We a l l  had personal  minimums.. 

KUFFSTETLER Bob g e t s  t h e  Roto-Rooter award. 

WS GRAVE I t ' s  a good concept. It f a i l e d  but  t h e  waste management 
system i s  a r e a l l y  good concept. But it a l s o  po in t s  out  
how d i sas t rous  - I mean i t ' s  fun t o  joke about, but you 
g z t  3n a 30-day S h u t t l e  x i s s i o n  and t h a t  th ing  d i e s ,  t h a t  
i s  a d i s a s t e r .  It r e a l l y  i s  a d i s a s t e r .  Yes, It was seven 
crewmen, 30 days. 

HUFFSTETLER We were remiss t h e r e  i n  not having backup bags. 

SPUKER Yes, we had wet t r a s h  bags. 

MUSGRAVE It d i d n ' t  cos t  anybody anything. We had a t r a s h  bag t h a t  
when i t ' s  90 percent  f u l l  you used it  f o r  t h a t .  It worked 
ou t  f i n e ;  it was r e a l l y  easy. 

# # #  
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All  r i g h t .  

What's wrong, Story,  you've got the mike. 

Glenn, what's a good order t o  - What do you think i s  a 
good order t o  t ack le  th ings  here? 

What about the  -- 
O T R ' s  is one, f a c i l i t i e s ,  . . . 
Yes, OTR's and f a c i l i t i e s ,  I suppose. 

Operat ions ,  payloads o r  experiments. 

Experiments a re  tomorrow. 

Yes, but leave some of them. They kind of drive every- 
t h i n g  e l s e .  I t ' s  t h a t  kind of operations.  And habi t -  
a b i l i t y ;  t h a t  ' s  not  covered by OTR's . 
We do have an OTR on h a b i t a b i l i t y .  Yes, t he r e ' s  one 
under s i x .  

Okay, should we s t a r t  with OTR's? O r  do you all want t o  
s t a r t  with f a c i l i t i e s ?  

Here's an agenda already . . . . Vehicle Systems Reviewed, 
Habi tab i l i ty  and Housekeeping, t h e  AFD Operations, OTR 
Review, PR Status  . 
What's t h e  f i r s t  one then? 

Vehicle systems review. 

What's t h a t ?  

The only systems we had a r e  t h e  f a c i l i t i e s ,  I guess. 



MUS GRAVE Okay, l e t  ' s  jump i n .  

SPEAKER - Why don' t  we j u s t  address h a b i t a b i l i t y  and I th ink  all 
t h a t  w i l l  f a l l  out .  

PWSGRAVE You guys want t o  lead t h a t  o f f ?  

CLARK You go ahead. 

MU SGRAVE Okay. Food; Where's Ri ta?  I s  R i t a  here? 

MUS GRAVE The food system was absolute ly  outstanding. There i s n ' t  
anything you can say t h a t  i s n ' t  good about t h e  food. The 
food was good, but  t h e  human factors  and t h e  layout ,  t h e  
stowage, t he  prep,  t h e  t r a i n i n g ,  it was all absolutely 
outstanding.  We could e a t  much quicker time than you 
could ea t  on the  ground. The stowage was r e d l y  good. 
Each meal was one package. You could reach i n  and grab 
t h e  whole package and put  it out t he r e .  D r .  Clark 
laughing over here .  You a l l  saw one meal on TV; t h a t ' s  
t h e  way we did  it for  TV. I guess you saw a few others 
t h a t  were t h e  real-world way, you know what I mean. But 
j u s t  t ack l ing  t he  food system, t h e  human fac tors  were 
absolute ly  outstanding. You had one bag t h a t  was fo r  
esch meal. You could p u l l  it r i gh t  ou t ,  and there  you 
had it. The menu cards f o r  t abu la t ing  the  deviations of 
t h e  human fac tors  were exce l l en t .  The Skylab rehydration 
system, even though it d i d n ' t  have t h e  l abe l s  of - these 
guys never f igured out whether - what was, you know, f i l l  
o r  e j e c t  ; but all you needed was a few runs on it and it 
was r i g h t  t he r e .  You could - they,  they r e a l l y  worked 
r e a l l y  wel l  i n  terms of a quan t i t a t ive  amount of water 
i n  t h e  t h i cgs .  So t h a t  whole systelx was r e a l l y  per fec t .  
O f  course,  Ri ta  has been doing it s ince Merc-my on, so 
she does it r igh t  every t ime. So t ha t  whole system, 
t h e  whole layout i n  t h e  ga l ley  i s  r i gh t  the re .  I think * 

we can make some input s t u f f  f o r  t he  Shut t l e  on t h a t .  
The oven i s  loud,  and it i s  not t h a t  f a s t ,  and from 
experience, I ' d  say t h a t  t h e  microwave oven i s  t h e  way t o  
go, i f  we don' t  have EM1 problems or  some other  Orbi ter  
cons t ra in t s .  It sure looks l i k e  - what do you got? It 
looks l i k e  microwave i s  t h e  way t o  go. I th ink i t ' s  much 
more e f f i c i e n t  i n  terms, t h a t  - you guys know more about 
t h a t  than I do, i n  terms o f  heat  and t he  r e s t  of the  s t u f f .  
The oven did  take some t ime. There was time - the re  were 
some times you wexe wai t ing f o r  t he  things you heated up 
t o  heat  up i n  the  oven. You got any more on food? 
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Would you coiiment on how long it d id  t&-e for  meal prep- 
7 a r a t  ion and . . . . 

These gilys are  laughing because I have very l i t t l e  t o  do 
with t he  meal preparation ( l augh te r ) .  You know, there  
again,  it b o i l s  down t o  what de were saying t h i s  morning 
about d ivis ion of labor .  There were t h r ee  guys going t o  
get  t he  job done t he  be s t  way ?re knew how. And Bob had - 
h i s  payload was running most of the time. It turned out 
he had, most of t h e  t ime,  more spare time than we did ,  
running things  back t he r e .  I f  you want t o  do it r igh t  
l i k e  - How long did it take  you t o  s e t  up t ha t  - the 
course you were - - 
I f  you d idn ' t  have t o  use t h e  oven - i f  you had a meal 
where you weren't using t h e  oven, you could s e t  up and do 
all your rehydration and have it on the  t a b l e  i n  5 minutes 
about. The one comment on most of t h e  food packs t ha t  we 
had: There was t h e  p l a s t i c  you had t o  cut off  of the  f i t -  
t i n g  t h a t  goes i n t o  t h e  rehydration system. And those 
were t h a t  loose p l a s t i c  on most oP them. Now some of the  
ones we had the  l i t t l e  cap, and t h e  cap was much f a s t e r  
than  cu t t ing  it o f f ,  cu t t ing  the  o ther  type off  with 
s c i s so r s .  But when you had t h r ee  of them the re ,  you lay  
out t h r ee  t r a y s  and you s t a r t  going down and snipping 
them all o f f ,  it jus t  goes r e a l  f a s t ,  ge t t ing  it ready. 

Any time I got anything t o  say about food prep, these guys 
a r e  going t o  laugh ( laughte r )  but  I - 
You cooked t h e  dinner on TV, d idn ' t  you? 

I could get  a meal ready and eat  it i n  10 minutes. You 
got rehydration t ime, you save 3 t o  5 minutes. But I 
don't wai t  f o r  it t o  rehydrate.  Put t h e  water i n  and e a t .  
You know, discoveries comes out k ind of l i k e  crackers. 
But ( l aughte r )  it does all t h e  same th ing  down here 
( laughter  ) . 
No amenities. 

There a re  t imes,  John, t o  get  t h e  most done you r e a l l y  - 
t h e  h a b i t a b i l i t y  s t u f f  goes p r e t t y  pr imit ive .  You know, 
t he  heat ing and t h e  r e s t  of t h a t  s t u f f ,  you jus t  do it as 
f a s t  as  you can, and quick, you know, and get on with 
ge t t ing  them. 



HuFFSTETLER When it d i d n ' t  i n t e r f e r e  with your du t ies ,  did your crew 
W e  an attempt t o  e a t  tcgether?  

MUSGRAVE W e  of ten a t e  together .  

SAWIN We had breakfas t ,  we had lunch whenever it was - 

MU SGRAVE Whichever you ca l l ed  it. He would ea.t breakfast  a t  h i s  
dinner time and t h a t ' s  probably what was confusing t o  
him, two-shift operations.  His dinner was r e a l l y  break- 
f a s t  with us - I guess - i s  t h a t  r i gh t ?  

CLARK Something l i k e  t h a t  - - 

14US GRAVE But he would ea t  a breakfas t  meal a t  dinner time and I 
don ' t  know what t h a t  did t c  h i s  t r y i n g  get h i s  c i rcadian 
s h i f t s  around. 

CLARK I don' t  th ink  t h a t  had much t o  do with i t .  

MUS GMVE The general layout of t h e  t r a y s ,  the  r e s t r a i n t s  all 
t h a t  s t u f f  - 

CLARK Chuck did  most of t he  meal cleanup. 

SAWIN I ' d  l i k e  t o  s i t  down t o  a clean t ab l e .  That pa r t i cu l a r  
s i t x a t i o n  was d i f f i c u l t .  Story reminded me it would sim 
pecu l ia r  perhaps, b u t ,  i t  was very hard t o  f ind what t o  
use t o  clean up a f t e r  a meal. Even during a meal, you - 
it ' s  j u s t  something l i k e  a napkin t h a t  you're used t o  
using - a l o t  of people a r e  ( l aughte r )  - Would be bene- 
f i c i a l  ( l augh te r ) .  I n  moving f l u id s  o r  rehydrated things 
around, you'd s p i l l  a l i t t l e  something, you couldn' t reach 
and wipe it up. It was a hass le ,  not an impossible problem 
but  sometimes t h e  place d idn ' t  look too shipshape. 

fWS GRAVE 

SAWIN 

SAWIN 

Those guys d idn ' t  do i t .  I ' d  ge t  out t h e  silverware from 
t h e  l a s t  meal say - and so  and so t a s t e d  good as I cleaned 
t h e  si lverware o f f .  

Even he reached h i s  l i m i t .  One day he put a wet wipe on 
h i s  spoon and waited 20 minutes t o  dissolve the  previous 
meal ( l augh te r ) .  

It r e a l l y  wasn' t ,  wasn't a b i g  problem. The detergent 
t h a t  was put i n  the re  wasn't vepj  s t rong,  d i b '  t cut 
through the  th ings .  There were s t a i n s  on the t ab l e  from 



t h e  drinks and th ings  l i k e  t h i s .  I suppose i f  it was 
Formica and not a painted metal surface  it might have 
not done t h a t .  

MU SGRAVE I f  I ' m  allowed t o  say anything about cleanup, t he  Velcro 
on t h e  t r a y s ,  you can ' t  clean.  I t ' s  - I suppose you have 
t o  have some form of r e s t r a i n t  system, but  t ry ing  t o  
clean up t h e  t r a y ,  i t ' s  t h e  Velcro's t he  problem. 

SAWIN O r  out i n  t h e  l a b ,  I took a bioci.de  ripe t o  t h a t  surface 
out t h e r e ,  a f t e r  we had polished the  r a t s  o f f .  It was, 
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it s t a i n s  , I 'm sure  everyone ' s  aware of t h a t  because we 
used then: previously,  but  you just accept t h a t .  It ' s 
going t o  be a s l i g h t  brown colorat ion t o  whatever you use 
those wipes on. That 's  t h e  iodine.  

Was t he r e  much con f l i c t  i n  using t h e  t a b l e  versus some of 
t h e  o ther  a c t i v i t y ,  maybe - maybe . . . place a t  the  same 
time - was t h e  t a b l e  used f o r  other than - t he  meal? 

It sure  was. 

Very usefu l .  

We'd r e a l l y  gave t o  have a t a b l e ,  not jus t  f o r  eat ing,  
bu t  espec ia l ly  when we don ' t  have a Spacelab m d  a work- 
bench i n  t he  Spacelab, a l l  t he  carryons and t he  r e s t  of 
t h e  experiments t ha t  a re  going t o  be stowed on the Orbi ter ;  
I th ink  t h a t ' s  where they a re  going t o  be done. 

A place t o  s e t  a f l i g h t  plan dom,  a f l a s h l i g h t ,  what- 
ever.  A place t o  look a t  data .  It was the  only place 
we could a l l  could s i t  together .  

Did you ever fo ld  t h e  t a b l e  up o r  down? 

No. No. Of course, we had excess s torage room. We 
weren ' t ,  we d idn ' t  stow anything down below t h e  t ab l e .  
I f  you did ,  you would do it. And a l so ,  i f  you had a 
ins ide  a i r lock ,  which you might wel l  have some of t h e  
t ime, not very o f t en ,  you probably would have t o  fo ld  t he  
t a b l e  out of t h e  way t o  move back and fo r th .  

It could have been a - not qui te  so deep t a b l e  and s t i l l  
could serve t h e  same function. It was very ample i n  s i ze .  

I ' v e  got a - 
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S i ze  could have been reduced possibly.  

Uh huh. I t h ink  so .  

I ' d  l i k e  t o  see  it s t ay  t h a t  same s i z e  when you s t a r t  
running experiments on t h a t  t ab l e .  You can - you jus t  
know t h a t  every space f l i g h t  program, you know who ever 
thought t h a t  t h e r e  would be a rover on t h e  lunar  module? 
No one ever conceived of t h a t .  There's going t o  be 611 
kinds of experiments stowed i n  t h e  mid-deck t h a t  w i l l  be 
run r i gh t  down t h e r e ,  carryon types and t h a t  s o r t  of th ing.  

We jus t  been covering t h e  food system, Ri ta .  

Have you completed it? 

Well, we a re  kind of winding it up, and what I s a id  was 
t h a t  it was absolute ly  per fec t .  The human factors  were - 
t h e  food.was extremely good, t h e  human fac tors  were per- 
f e c t .  It was absolute ly  outstanding, The time it took 
was - you know, it was extremely e f f i c i e n t ,  it was abso- 
l u t e l y  per fec t ly  l a i d  out .  

Was pu t t ing  up meals on a s p l i t  s h i f t  much of a problem? 

No, but  we cheated on it. When Bob was s leeping,  we 
d i d n ' t  go i n  and bang around and use t he  oven - you know - 
i n  t h e  dark, it i s  hard t o  f ind  th ings .  We 'd cheat and, 
before  he went t o  bed, i f  we knew we were going t o  have 
t o  snack on some things  o r  t he  coffee ,  we 'd  l ay  them out 
so  -de could get  ahold of them without hunting and t ha t  
k ind of th ing .  I n  other  words, we did perturb our ea t ing  
schedule a l i t t l e  t o  t r y  t o  - when he was sleeping,  t o  
keep him sleeping.  Now when he woke up, we ' d dive i n  
t h e r e  and h i t  t h e  waste management system and t h e  food 
and everything e l s e ,  and then get  out again. So, and 
vice-a-versa, he was extremely quie t  when we were sleep- 
ing .  So t h e r e ' s  no doubt t h e  two s h i f t  a f fec ted  t ha t  kind 
of th ing.  But then  we never a t e  when the  f l i g h t  plan sa id .  
We had lunch about 8 o 'clock one night  o r  7 ,  something 
l i k e  t h a t .  So we, - but you're able t o  vary t h a t .  Rut 
t h e  whole se tup ,  t h e  human f ac to r  i s  absolutely per fec t .  
The menu cards were logging t h e  deviations ; t h e  pantry,  
t h e  l abe l s ,  you know, on the  outs ide  on the  card and on 
t h e  bags, was all jus t  pe r fec t .  The only th ing  we thought 
w a s ,  and I know you a r e  pursuing i t ,  is maybe t h e  micro- 
wave oven would be a good way t o  go. It would be a l i t t l e  



f a s t e r ,  and maybe a  l i t t l e  more f l ex ib l e ,  and ce r ta in ly  
qu i e t e r .  
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Well, t h a t  ' s  r e a l l y  not t r u e .  I f  you were preparing one 
meal, it would take  say,  5 minutes. I f  you were prepar- 
i n g  t h r e e  meals, it would t ake  15 minutes. 

The microwave? 

Yes, t h e  more t h e  mass, t h e  longer t h e  time. 

And, it does put out hea t .  

It 's not more e f f i c i e n t ?  

To do one baked pota to ,  it takes 5 minutes, t o  do f i v e ,  
you know, it takes  f i v e  times - 5 .  I t ' s  r e a l l y  not t h a t  
e f f i c i e n t  unless i t ' s  spec i f i c a l l y  designed t o  t he  food 
item. . 

The rehydration system worked per fec t .  It was jus t  out- 
standing.  The whole th ing ,  it just  couldn' t  have been 
b e t t e r .  Both t h e  t a s t e  of t h e  food and t h e  ease of se t -  
t i n g  it up and all t h e  human f ac to r s ,  pe r fec t .  

Those rehydration devices were o r ig ina l l y ,  I th ink ,  in- 
t,ended t o  . . . mount v e r t i c a l ,  and due t o  const ra ints  
were mounted hor izontal  . . . 
No dif ference a t  a l l ,  upsidedown, v e r t i c a l ,  sideways, and 
t hey ' r e  proven i n  zero-g. R i t a ,  d id  the  Skylab guys have 
anything t o  say about t h e  rehydration devices t ha t  were 
on t h e  t a b l e ?  

No, they worked. 

MUSGRAVE Yes. 

RAPP 3 i d  t h e  Shu t t l e  . . . food packages adapter work okay, 
on t h e  square packages, and what was human fac tors  l i k e  
on t h a t ?  The soup packages? 

MUSGRAVE The same th ing .  

SAWIN 

FIUSGRAVE 

Say, d id  you ge t  t o  those  . . . 
You a t e  those .  



yes. They were hydrated . . - Once you cut the package 
open, you eat with it. That ' s what 1 Was r e d l y  look- 

Ing m. 
. , 

It 's eas ie r  t o  get. 

Easier than having t o  hold .- t he  bag open* 

long you're will ing t o  just t r i m  the p las t ic  away 
from the t r  WS . 
y o  

/ 

we pret ty  well clesned 0" the pantme 
YOU? (~augh te r  ) 

The water w a s  real ly  hot m a t  kine 
heater r ight  a t  the out let?  

Yes,  

i of heater? IS that  

- -- 
water heater. 

~ h ~ + .  water real ly  ho t*  It was good* 
. . -ro+Pr, 

,,.ray * up there , We 'LC v -+ -'e a l ly  
flush it a bunch of times 

~~t you can't real ly  give m a  go^^ Lbw---- - , 

flavor of the  water? .A : 5 , . 

Yes. 
I %. ,- 

I pever tas ted the water. 

II : r i ,  

3 It was pretty f l a t .  

We go over it, I guess not if it' 
never thought about checking the  wake- - 

. ;,*. & 

wasn't the best  water as fa r  ei 6-iNting was concernedi- 

Living i n  Texas, how can YOU t e l l ?  
;:&& . bS 
-:I. 
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It was deionized water with s i l v e r  ions.  

The way it mixed with a l l  t h e  drinks and t he  coffee and 
t h e  food, it was r e a l l y  good. The coffee was outstanding,  
t h e  drinks were. I can t e l l  you it mixed very wel l  with 
the  food. 

We got any more on t h e  ga l ley  o r  food? We did  say, R i t a ,  
it was hard t o  clean t he  Velcro on t he  t rays  when we get 
food on it. 

That 's  was ba s i ca l l y  a one-g design ra ther  than a p l a t e .  
We hadn' t  used it i n f l i g h t  previously but I don ' t  th ink  
we w i l l .  

Each meal we a t e  , t h e  meal was unpacked. We took t h e  
bag t h a t  t h e  meal was packed i n  and taped it t o  the  
f ront  of t h e  stowage lockers ,  and as we ' d ea t  t he  food 
and put t h e  t a b l e t  i n  it and s tu f f ed  it back i n  t he  bag 
and, when t h e  meal was complete, we took t he  whole bag 
and put it down i n  t h e  wet t r a s h  stowage area .  

. . . 8 cubic f e e t  t r a s h  stowage area.  Was t h i s  adequate? 

We used much more than t h a t ,  though. Apparently t h e  
6 f e e t  was t h e  t o p  of t h e  b a r r e l .  We f i l l e d  t h e  chute 
too .  Wasn't t h a t  8 f e e t  i n  t h e  ba r r e l ?  

I bel ieve so.  

NO.  . . . 8-1/2 . . . 55-gallon drum . . . 
That waz t h e  b a r r e l ?  We f i l l e 5  t h e  chute t oo ,  and I 
estimate t h a t ,  on t h e  f i n a l  day, t o  get t h e  l i d  closed,  
I was pushing about 50 t o  60 pounds worth. I put n ~ y  
foot down i n  t h e  hole .  

There ' re  s t i l l  some bags t h a t  weren' t  put i n .  They're 
s t i l l  hanging on t h e  wal ls .  

You say you taped it t o  t h e  locker? Was t ha t  something . . . 
provided with t he  food system, there?  

Yes, t h e r e ' s  a piece of gray tape on t he  bag with t he  
l a b e l  f o r  t h e  meal number and t h e  day number, and j u s t  
fo ld  t h a t  back and tape it t o  the f ront  of t h e  locker 
and s l i p  t h e  used food containers i n  the re .  



blUSGR4VE There was a discussion p r e f l i g h t  about what we ought t o  
do with our waste food mate r ia l s .  And Ri t a  thought we 
ought t o  exercise  pu t t ing  t h e  biocide  t a b l e t s  i n  the  wet 
packs and pu t t ing  t h e  food back i n  the empty lockers.  
Like i f ,  you know, you got s i x  meals i n  the re  - once 
you'd emptied out t h a t  locker  t h a t  we put those empty 
bags with a l l  t h e  empty food bags back i n  t he r e  t o  see  
how t h a t  did. But t h e  f i n a l  word we got was t o  use t h e  
wet t r a s h  system f o r  t h a t .  So I sometime along, i f ,  i f  
t h a t ' s  a  feas ib le  way t o  minimize the  amount of wet t r a s h  
we generate i s  t o  put t h e  bags back i n  where they come 
out  of once we f ree  up a s h e l f ,  we should maybe exercise  
t h a t  on t h e  next crew. 
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Have you done any t e s t s  t h a t  show t h a t ,  you know, that 
t h a t  ' s  acceptable? 

Tha t ' s  t he  recommended procedure i n  Apollo. 

And t h a t  worked. We probably won't have, espec ia l ly  on 
l i f e  sciences mission, g r ea t e r  needs fo r  wet t r a s h  con- 
t r o l .  We may not have t h a t  much volume on Orbi ter .  The 
next time around, we ought t o  f l ag  t ha t  a s  something t o  
exe rc i s e ,  t h a t  yes,  we can put t h e  wet food t r a s h  with a 
b ioc ide  t a b l e t  back i n  t h e  drawer from which it came. 

What pa r t  of t h e  t r a s h  came from the  payload? 

P len ty  of t h e  t r a s h  came from t h e  payload. 

Okay, were t h e r e  any o ther  procedures t h a t  are  disin- 
f ec t an t  procedures? 

No, with t h e  wet t r a s h  bags. There were two types of 
wet t r a s h  bags we evaluated: one Beta c lo th ,  t h e  other  
w a s  a  Beta c lo th  p l a s t i c  l i n e r  ins ide  it. We evaluated 
both  of those .  No, we j u s t  put it i n  t h e  bags, p u l l  t he  
s t r i n g  on t h e  bag, and down t h e  hole.  

Was t h e r e  any kind of an odor from them? 

Yes, when you l i f t e d  t h e  l i d ,  the re  was. Even though we 
tu rned  t h e  main vacuum valve t o  WTS t o  get  some flow and 
tu rned  t h e  "col lect"  switch on, you get some flow back 
through. It wasn't bad. You opened the  l i d  the  odor was 
t h e r e  ; you close  t h e  l i d  and i t ' s  gone. But the re  was a 
l o t  of p r e t t y  ro t t en  s t u f f  going down t h e  hole ,  you know, 
t h e  dash s ixes  or  t h e  r a t s .  The l a s t  couple of days, 
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feces was going down there .  You guys can comment, I 
d idn ' t  t h ink  it was t h a t  bad. 

I agree with everything,  except t h e  speed which t he  odor 
disappeared. It took a l i t t l e  b i t  longer than - - 
It ce r t a in ly  l e t  up when you're j u s t  very f a s t  on the  
door. ( ~ a u g h t e r )  And you get f a s t e r  ( l augh te r ) .  

But you had an open ven t i l a t ion  system ins tead  of a closed 
ECS system? 

Yes, but I th ink  we r e a l l y  need a wet t r a s h  system. And 
I don ' t  know what t h e  exact basel ine  volume for  the  Shut t l e  
i s .  On t h e  l i f e  sciences mission, you may want Spacelab 
t o  provide a wet t r a s h  system. A t  present,  they only 
have bags - and t hey ' r e  Skylab bags. And t he  Spacelab 
bags,  a t  p resen t ,  got t h r ee  l i t t l e  t i p s  with holes on 
them t h a t  we used f o r  Skylab t o  hang it i n  t he  t r a s h  
locker .  Basical ly ,  they a re  going with jus t  bags. 

. . . Did you compare them . . . 
I didn ' t .  I d idn ' t  th ink  the  l i n e r  was necessari ly 
necessary. I found them t h e  same. 

We put t h a t  i n  t he r e  as an emergency i n  case the  others did 
not  work. Second, we a l so  had the  dry t r a sh  bag using 
a new type of holder. I know you ' re  famil iar  with t h e  
Skylab one we had. How did  t h i s  one compare with the  
Skylab holding system, and did you f ind  t he  one t h a t  
you can move from place t o  place more advantageous than 
t h e  permanent located one? 

Yes, t h e  snap pa t te rns  d idn ' t  f i t  t h e  bar .  It was r e a l l y  
hard shoving them on. Plus the  snaps were - Did you f ind  
the same - did you move t h a t  t h i n g  around? 

I f  you'd j u s t  reach over and show something i n  t h e  bag,  
invar iably  t h e  bag would drop o f f  the  holder.  

I mean t h e  bags - t h e  ba r  would f a l l  o f f  t h e  snaps. The 
snaps weren't  placed on s o l i d  s t ruc tu r e .  They were placed 
on l i g h t  metal i n  between, so  when you're shoving i n ,  what 
you are shoving against  i s  moving a l l  over.. And the  snap 
pa t te rns  d idn ' t  f i t  t h a t  wel l .  Sometimes you get only 
one snap, one snap. I t h ink  we ended up most of t he  time 
using them o f f  t h e ,  o f f  t he  snap pa t te rns .  It was p r e t t y  
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hard t o  engage them on t h e  holders .  I thoug21t t ha t  was 
p r e t t y  d i f f i c u l t .  

Would you have preferred t h e  Skylab pat tern?  

Yes, yes .  

As f a r  as t h e  odors on WTS. Even a t r a s h  compactor today 
has an automatic deodorizer t h a t  spews out a l i t t l e  add- 
i t i v e  each time you open it .  Something as simple as t h a t  
might he lp  t o  keep t h e  cabin odors down. 

Question t h a t  I thought of awhile ago - the  t r a sh  bag 
holders  was - they've had two types:  One t h a t  was f i r n l y  
a t t ached  t o  t he  wal l  and t h e  o ther  t h a t  snapped t o  t he  
w a l l .  You s a i d  t h e  one t h a t  snapped t o  the  wal l  does not 
work t oo  wel l .  HOW abouz t h e  one t h a t  was permanently 
mounted t o  the wal l?  

:Je had a discussion over t h a t ,  as  f a r  as ease of access 
t o  it. Story made a good po in t .  I was object ing t o  the  
f a c t  t h a t  every time you wanted t o  throw something away, 
you had t o  e s sen t i a l l y  push your hand down i n t o  i t ,  but 
h i s  point  was t h a t  i n  zero-g, you would want t ha t  opening 
t o  be closed so  t h a t  s t u f f  wouldn't s t a r t  f l oa t i ng  out on 
you. 

Tha t ' s  why we made it t h a t  way. 

Now I understand. 

The snap oa t te rns  and how wel l  they held up varied con- 
s iderab ly  from loca t ion  t o  loca t ion .  

They only had one t h a t  had a snap pa t te rn .  - 
That was i n  t he  a f t  pa r t  of t h e  spacecraf t .  

The r e s t  of them were a l l  permanently mounted. 

That was t h e  one t h a t  f e l l  o f f  a l l  t h e  time. 

We had t h e  ones t ha t  moved up t he r e  i n  the  forward pa r t .  
W e  d idn ' t  r e a l l y  use those  up t he r e .  So there  were 
snaps on t h e  w a l l  up f ron t .  

Where you s a t  up there?  
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Okay. Now as Story has already s t a t e d  t h a t  comparing 
t ha t  p a r t i c u l a r  closure system with t h e  Skylab system 
t h a t  we had, t h e  Skylab i s  t h e  preferable  system which 
i f  I remenber r i g h t  i s  t h e  mousetrap type.  

It was hard t o  put those bags on u n t i l  you get one i n  
t h e r e ,  and you r e a l l y  had t o  bend t h a t  piece of metal 
around t o  get  them on. I don' t  know i f  zero-g you need 
something t o  hold t h e  bottom of t h e  bag. The bag might 
be f l oa t i ng ,  f l o a t i n g  up l i k e  t h i s .  We had snaps on t he  
bottom of t h e  ones i n  Skylab. 

Awhile ago, you had a comment on cleanups. How in  general 
f o r  housekeeping purposes, did you have su f f i c i en t  wipes 
f o r  cleanup? Were there  s u f f i c i e n t  cleanup provisions? 

Marginal, I ' d  say. 

What we r e a l l y  could have used f o r  cleaning up most of 
t h e  things was j u s t  more washrags, %re c lo th  ra ther  than 
paper towels - 
Wet c lo ths  were desi rable?  

Washcloths. Again, I 'm embarrassed t o  speak about it, but 
a wet washcloth does a l o t .  Makes good recycling of per- 
sonal  hygiene th ings  i n to  t he  next d i r t i e r  t a sk .  

Did you use your used T-shirts  up f o r  example fo r  cleanup? 

We used them for  a l o t  of thir-gs ( l aughte r ) .  Yes. 

Are we t a lk ing  about clothing o r  cleaning up towels? 

Talking about clothing.  Did we recycle underwear t o  - - 
1 th ink  we need something with some scouring capab i l i ty .  
A t  home, you's grab an SOS pad, o r  some cleanser or  some- 
th ing  t o  r e a l l y  clean a mess up. Here a l l  we had were 
some l i q u i d s .  We had t h e  soap out of t he  personal hygiene 
s t a t i o n ,  and we had t h i s  b o t t l e  of GSA cleaning f l u i d ,  
whatever it was. Neither of those a t  a l l  abrasive,  
obviously. You could use something a l i t t l e  stronger 
than t h a t .  



t.USGRAVE Like a  brush.  

SMIN And we stowed th ings  - animal waste,  blood, things l i k e  
t h a t .  

MUSGRAVE: But t he  people t h a t  got i n to  t h e  spacecraf t  r igh t  a f t e r  
we went o u t ,  I 'm sure saw t h e  shape it was i n .  It was 
clean.  I mean, we r e a l l y  handed back a  good spacecraf t .  
I n  f a c t ,  r i g h t  now, i t ' s  t h e  same as we - I don' t  th ink  
it has been cleaned up s ince  we got ou t ,  has it? That ' s  
t h e  vay it i s .  We brought D r .  Kraft through it yesterday 
without c leaning it up. We r e a l l y  handed back a  clean 
spacecraf't . I th ink  what we did  worked. 

SAWIN We used t h e  vacuum cleaner .  The screen s i ze  i s  so small 
t h a t  it clogs a f t e r  you pick up a couple of items. You 

.have t o  s i t  t h e r e ,  by hand, pick everything off  t h e  screen 
and throw it i n  t h e  separate bag, then go back t o  vacuum- 
ing.  That ' s  kind of se l f -defeat ing except it does l i f t  
it a f f  t h e  f l o o r  fo r  you. Tha t ' s  a  r e a l  simple f i x ,  I 
t h ink .  It has a  large  co l lec t ion  bag on i t ,  but nothing 
ever reached it. 

JARBOE The cleanup procedures, did t h i s  take long? Take much of 
yoyr time? 

?WSGRAVE ( ~ a u ~ h t e r )  Not much of  mine. 

SAWIN 

MUSGRAVE 

Not r e a l l y  ( l augh te r ) .  

You'd use cleanup t h e  same as ea t ing  and food prep,  and 
ea t i ng  and cleanup, you ' d use t h a t  as a time buf fe r  . A t  
t i n e s ,  th ings  would ge t  horrendously messy. I got some 
p i c tu r e s  of t h a t  t a b l e  out t he r e  t h a t ,  I mean, you know, 
you couldn' t  f i n d  your own si lverware t o  eat  with. It 
would be underneath t h e  p i l e  somewhere. And so t ha t  when 
you are  r e a l l y  busy and you got th ings  running out i n  the  
l a b ,  you don' t  clean up. You l e t  it get  horrendously 
messy. You go do what you got t o  do back there ;  but  then 
when you do get  a  spare t ime, then you tack le  t h e  cleanup. 
So we d id  not use i n  t h e  f l i g h t  p lan,  you got d i sc re te  
places f o r  housekeeping. We d idn ' t  use those times. We 
j u s t  kept running. Then when we got time, we got a  break, 
then  we ' d t ack l e  t h e  cleanup. 

I th ink you could get  along with two l e s s  u t ens i l s .  I 
t h ink  j u s t  one la rge  spoon and no kn i fe .  You don' t  need - 
a t  l e a s t ,  we d i d n ' t  ever use a  teaspoons, I don' t  th ink.  
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We pursued t h a t  i n  Skylab, and we had t h e  foons and sporks 
and t ha t  kind of th ings .  Those a re  combinations where you 
got spoons with l i t t l e  prongs on them. And we ended up 
going with t h e  c l a s s i c a l  ones a f t e r  evaluat ing some of 
them. 

I n  t h e  zero-g condit ion,  would you be able  t o  l e t  it get  
t h a t  messy? 

Not t h a t  m s s y  because t h e  t a b l e  was a one-g t a b l e  with- 
out r e s t r a i n t s .  But my guess i s  t h a t  - you'd have t o  
r e s t r a i n  everything - but  my guess i s  you'd would use 
t h e  same tire buf fe r .  You'd clean up when you got the  
time t o  c l e v l  up, but  you wouldn't take d i s c r e t e  blocks 
o f  housekeeping time t o  do it. 

You wouldn' t be able  t o  l e t  loose t r a s h  p i l e  up. 

That ' s r i g h t .  

The main t h ing ,  t h e  key t o  t ha t  i s  jus t  what Bob mentioned 
e a r l i e r  and t h a t  i s  t ha t  each time you'd f i n i s h  something - 
food pack, you'd t a k e  t h a t  and s t u f f  it  i n  t h a t  p l a s t i c  
bag t h a t  it  came from o r ig ina l l y  r a the r  than leave it 
where it was ly ing.  If you kept doing t h a t ,  the re  were 
never much accumulation. J u s t  occasionally we got 
pushed f o r  time and we'd leave t he  aftermath of a meal 
s i t t i n g  on t h e  t a b l e .  Sort  of grim t o  come back t o .  

O r  you would ea t  h a l f  a meal, go back i n  t h e  l ab  and 
work f o r  a while and come back and f i n i s h  it. 

Has anybody taken an inventory of how m c h  - how many-wet 
wipes, towels,  t r a s h  bags you have l e f t  a t  t h e  end - - 
Yes, it looks l i k e  you used qu i te  a few of t h e  general- 
purpose wipes. I t ' s  j u s t  about empty. We 've got f i ve  
towels l e r t  over. A l l  t h e  washrags were used. 

That may have been medically or iented toward runny nose. 

The towels weren' t  very absorbent, they weren't very help- 
f u l .  The washrags were very good, very adequate. 

On t h i s  type of mate r ia l ,  t h e  paper towels, e t c .  We also  
had pocket t i s s u e  packs on board. Did you f ind  them use- 
f u l ,  or  would you r a the r  not have them, j u s t  have more 
t i s s u e  and towel suppl ies?  



1.Iore of t h e  standard s i z e .  SAW I N  

CLARK 

JARBOE 

SAW I N  

CLARK 

WESTOVER 

SAWIN 

INS GRAVE 

SAWIN 

WHITE 

More of the  standard.  

I n  other  words, you d idn ' t  r e a l l y  use t h e  pocket Kleenex 
type? 

Of course, I d idn ' t  need them. 

Tha t ' s  another th ing  i s  t h a t  the  containers t ha t  those 
t i s s u e s  were i n .  There was more container than there  
were t i s s u e s .  

Beta c loth  containers .  Of course, t h e r e  ' s  another th ing ,  
t oo .  I n  terms of evaluat ion,  each experiment had i t s  own 
s e t  of Kimwipes and t i s s u e s .  And 5~hen you're out i n  t h e  

. l a b ,  I ' d of ten  use an experiment, l i k e  dash 11 had a box 
t h i s  high of these  great  b ig  t h i ck ,  you know, Kimipes .  
Well, we. were using those .  They're t h e r e ,  we use them. 
The chromatograph had a box of t i s s u e s .  Each experinent 
had a box of t i s s u e s  i n  t h e r e ,  and they were being used. 
I t ' s  something e l s e  t o  consider i n  t he  evaluation. Prob- 
ably  they should - you know, the  stowage l i s t  w i l l  - t h e  
stowage photographs w i l l  show those boxes. 

Were t h e  t r a s h  bag loca t ions  adequate? 

I would l i k e  t o  see one i n  t h e  middle of t h e  l ab .  

You need t o  be able  t o  hang them anywhere. Probably 
something t h a t  would hang on a r a i l  s ince  we '11 have 
r a i l s  along each double rack. As f a r  as t he  Spacelab 
goes, something t o  hang a bag on a ra i l  would be 
outstanding.  

To keep from leaving a mess, you would have t o  get up and 
leave your work s t a t i o n  and walk t o  t he  a f t  end or  some- 
t h i n g  and s t u f f  it i n  a bag. 

Like you're pu t t ing  e lect rodes  on a t  t h e  electrode drawer 
o r  something l i k e  t h a t .  

S tory ,  what about the  systems on t h i s  th ing t h a t  the  air 
condit ioning on both t h e  Orbiter  and Spacelab - are  they 
adequate o r  a re  t he r e  any problems with them? 



!US GRAVE I t ' s  simulat ion p e c u l i a r ,  but  we need t o  separa te  t h e  rack 
cool ing from t h e  environmental. cooling. I n  o t h e r  words, 
we'd ha te  t o  have t o  l i v e  back i n  t h e  Spacelab o r  some 
. . . We got t o  run colder  because t h e  e l e c t r o n i c s  i s  not 
g e t t i n g  enough cooling. Now, i n  t h e r e  we r e a l l y  had a  
discon-kinuity i n  t h e  comfort curve i n s i d e  t h i s  Spacelab 
because t h e r e  was such a  hur  - we c a l l  it t h e  hurr icane  
because t h e r e  was a  very swi f ' t  a i r  flow when t h e  fans were 
gs ing.  And most of  t h e  t ime,  of course,  we d i d n ' t  have a  
t o p  because we were always - we had about a  16 e lec t rodes  
on all t h e  t ime f o r  one reason o r  o ther  - and we were 
always plugging ourselves i n t o  something. So we weren' t  
t ak ing  our c lo thes  on and o f f  and with bare  s k i n ,  any kind 
of c i r c u l a t i o n  r e a l l y  cooled you o f f .  And even wi th  t h e  
temperature of 80 i n  t h e r e ,  with the  fans going, you were 
cold  at temperature of 80. But when t h e  fans go o f f  a t  80, 
you were r e a l l y  ho t .  So we were e i t h e r  hot  o r  cold .  A s  
a  mat ter  of f a c t ,  every time we went t o  t h e  1300, we went 
t o  t h e  t h e d o s t a t ,  Secause it was hot  o r  cold.  There 
wasn't  anything i n  between. You had t o  have a  r e a l l y  
hot  temperature i n  t h e r e  t o  be comfortable wi th  those 
fans going. And ye t  we were always th inking about t h e  
e l e c t r o n i c s ,  and when something had s t a r t e d  crump on 
PDP-8's on t h e  7, 8's , and 9 ,  we were wondering, you know, 
what 's  happening, a re  they g e t t i n g  hot  i n  t h e r e ,  because 
our  own environmental system were t i e d  t o  cooling a l l  the  
racks .  So, I t h i n k  we need a  separa t ion i n  terms of com- 
f o r t  between t h e  cooling of t h e  e lec t ron ics  and t h e  com- 
f o r t  index. You got something t o  say about t h e  f l i g h t  
deck? 

CLARK Yes, of course,  t h e  a f t  f l i g h t  deck. There 's  no ECS a t  
all up t h e r e .  The temperature i s  d i r e c t l y  r e l a t e d  t o  t h e  

- temperature of t h e  high bay. The f i r s t  n igh t  was p r e t t y  
cold ,  and - it was adjus ted  a f t e r  t h a t  - but  it was p r e t t y  
cold  up t h e r e  t h a t  f i r s t  n igh t  u n t i l  it was adjus ted .  

!?US GRAVE But a  l o t  of  t h i s  i s  sim-peculiar s t u f f  t h a t  r e a l l y  i s n ' t  
r e l a t e d  t o  spacecraf t  ECS except maybe t h e  Spacelab where 
we've got t o  t ake  a  look a t  how c lose ly  t i e d  i s  crew com- 
f o r t  t o  rack cooling. Is it t i e d  a t  a l l ?  

WHITE How about t h e  mid deck? That t h e r e  was not a  cool ing sys- 
tem; it was j u s t  a  fan t o  blow a i r  i n  the re .  

, 

bUS GRAVE It worked p r e t t y  good i n  t h e r e ,  I - - 



The only problem the re  again ,  as Story pointed ou t ,  i s  
sim pecu l ia r .  I would say,  we ta lked  about t h i s  e a r l i e r  
today b r i e f l y  bu t ,  when you're i n  the  rack, you can p u l l  
t h e  cur ta ins  across you and you're s o r t  of i n  a  cocoon, 
without any a i r  flow i n t o  t h a t  area.  I would go t o  bed 
extremely comfortable, and it would be a  r e a l l y  nice tem- 
perature  and I would wake up warm, jus t  because of q y  
body heat  and t h e  fac t  I was i so l a t ed  from t h e  r e s t  of 
t h e  compartment - - 

MUSGRAVE The Shu t t l e ' s  got flow t o  each s leep conlpartment so t ha t  
w i l l  probably be - t h a t ' s  probably f ixed.  

JARBOE Did you all by the  way . . . time for  any need from t h e  
earplugs o r  t h e  s l eep  masks? 

:USGRAVE We t r i e d  them out ;  I th ink  the  earplugs are  very he lpfu l .  
I th ink  I would wear earplugs.  I r e s i s t e d  it t h e  f i r s t  
few days. I ju s t  d i d n ' t  l i k e  s t u f f i n g  something i n  qy 
e a r s ,  ydu know. Sleeping i s  kind of sanctuary, you l i k e  
t o  go do your own thing.  But Lou came out - where i s  
Lou - 

DELUCA 

MUSGRAVE 

Right here.  

Lou came out s a i d  have you t r i e d  t he  earplugs. I 
s a i d  not y e t ,  but we w i l l .  So t h a t  n ight  I - 1 used them 
a l l  t h e  time i n  general avia t ion f ly ing  fo r  ear  protec- 
t i o n ,  but I j u s t  d idn ' t  th ink  about t h a t  many hours. We 
went ahead and wore them and fo r  myself, it r ea l l y  helped. 
It r e a l l y  helped . 

JARBOE Do you us t  t h e  p l a s t i c  kind? 

MUSGRAVE Yes, I can use t h e  p l a s t i c  type. I chose t h e  cotton be- 
cause f o r  t h a t  long a hau l ;  i t ' s  more comfortable; but  
yes I could use e i t h e r .  You'll  probably f ind some re- 
s i s t ance  t o  it, but I th ink  i t ' s  a  good deal .  

SAWIN The cotton i s  very adequate. Sometime on f ly ing on the  
C - l k l ' s ,  we were given some wax plugs, which were very 
good t oo ,  and those weren' t  i n  the se lec t ion  tha t  we had. 
But t h e  others weren' t  t h a t  comfortable, probably because 
they weren't a  good f i t .  I f  they were individually f i t t e d ,  
I ' m  sure they would be f i n e .  

IWS GRAVE Yes, I think we are  going - I th ink  those would be a  r e a l  
b e n e f i t .  
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Okay, t h e  eye sh i e ld ,  you did  not use? 

Yes, we evaluated t h e  eye sh i e ld ,  and t he  ones t h a t  a re  
r e a l  hard, they jus t  don ' t  work a t  a l l .  They l e t  l i g h t  
i n  and they ' re  not t h a t  comfortable. The s o f t e r  one, 
it 's got a l i t t l e  br idge around the  nose here.  That 
seemed t o  f i t  a l o t  b e t t e r  and do t he  job. I d idn ' t  wear 
it dl nigh t  - I didn 't need it a l l  night .  We weren' t  
going i n  t he r e ,  we were cheating. Well, we were l i v i n g ,  
I mean, we were t h e r e  f o r  a week, so any cheating we did  
was f a i r ,  b u t ,  we l l ,  i t ' s  one th ing ,  you know, t o  do it. 
I f  you do it f o r  one 24-hour period,  t h a t ' s  r e a l l y  cheat- 
ing.  This i s n ' t  cheating. We l i ved  i n  there  f o r  a week. 
We did not go i n .  I f  we were scheduled f o r  a meal and 
somebody was s leeping,  we d id  not go i n  the re  and t u rn  
on the  oven and bang and crash around and t u rn  aJ.1 t h e  
l i g h t s  on. We d id  not go i n  and have a nominal meal. 
We kept t h e  place dark. But I th ink ,  I th ink  t h a t  i s  
worth pursuing. I r e a l l y  th ink  i t ' s  worth pursuing, 
depending upon what k ind of cur ta ins  they came up with 
f o r  t h e  Orbi ter .  

You turned out t h e  mid-deck l i g h t s ?  

Yes. We lef't it dark i n  t he r e .  

Do you f e e l  l i k e  t h e r e  should be some s o r t  of a night 
l i g h t  provision i n  t h e r e ,  maybe? 

Yes, minimal l i gh t i ng ,  and I th ink  the s leep  compartment 
should s e a l  out a l l  t h e  l i g h t .  And the  cur ta in ,  whatever 
you do t o  p u l l  it around o r  s l i d i n g  drawers, I guess, t h e  
s l i d i n g  doors they've got ,  they should have some smnd- 
proofing conditions too.  

I t ' s  one of these  th ings  - you don't r e a l l y  have t o  re- 
invent the  wheel ; on t h e  sh ips ,  you know, they t u rn  on 
red l i g h t s  i n  t h e  evening f o r ,  of course, f o r  spec i f i c  
purposes, dark adaptation,  but  it would work here too .  
A dim red l i g h t  of some kind,  jus t  so a person walking 
though t h e  compartment could see where he was going. 

Story,  was  t h e  s i z e  of t h e  s l eep  s t a t i ons  adequate? 

It was, i n  my opinion, bigger than necessary; but  as Bob 
Bond pointed ou t ,  you might want t o  dress i n  t he r e  too.  
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Why? 

For mixed crew type th ings .  

Oh. 

For SIM 111, maybe. 

For s leeping,  f o r  nry purposes, they were bigger than they 
needed t o  be. They were t a l l e r  and wider fo r  t h a t  matter. 
I could have done with a l o t  l e s s .  Especially i n  zero-g 
when you're f l oa t i ng  above it. 

You had a procedure f o r  your c lothing fo r  overnight . . . 
stowage ? 

No. 

These were jus t  t a l l  enough, o r  t he r e  were enough clear-  
ance between t h e  mattress and t h e  next bunk bed t h a t  a 
couple of times - and only twice - I ' m  a  slow l ea rne r ,  
but  I learned - I would pop up and I would crack head 
on the  one above me. And i n  pecu l ia r ,  I jus t  happened t o  
catch one of t h e  l i t t l e  support b a r s ,  s t r u c t u r a l  b a r ,  and 
it f e l t  r e a l  good. So I guess I would ask t h a t  e i t h e r  
those  surfaces  be padded o r  some accommodation made so a 
fe l low d idn ' t  crack h i s  head l i k e  t h a t .  

Idhen you put t he  t h i r d  bunk i n  t he r e ,  we w i l l  be c loser  
toge ther  and you won't have a tendency t o  do t h a t .  

I f  you had seven people i n  t he r e ,  you might be doing 
experiments on t he r e .  I mean you can envision climbing 
. i n  t he r e  with an experiment running i n  t he r e  because i t ' s  
going t o  get  crowded. Seven people air locked ins ide ,  
where a r e  you going? 

You a l l  had a s leep  cu r t a in  . . . around t h a t  area.  Was 
t h e r e  any di f ference i n  t h e  noise l e v e l  with t h e  cur ta in  
pu l led  versus closed? 

Bob ran t he  study,  b u t ,  subject ively ,  yes,  b i g  di f ference.  
What d id  you f ind? 

I don ' t r e c a l l  the  exact reading on it. But we have 
readings - dB readings with t he  waste management system 
going, with t h e  oven going, with both - taken from i n  t h e  



bunks with t h e  cu r t a in s  opened and cur ta ins  closed. There 
was considerable di f ference i n  noise l eve l .  

CRESS On the se  s p l i t  s h i f t s  operations,  s ince  you took tu rns  
using one of t h e  budcs, were t he r e  any problems associ- 
a t ed  with t h a t ?  

CLAFiX It w a s  a game t o  see  who made t he  bed. 

SAWIN A t  t h a t  time of t h e  dw, you d idn ' t  r e a l l y  care .  You 
j u s t  wanted t o  l i e  down, and it d i d n ' t  m t t e r .  

CLARK But we d i d  f ind  t h a t  on t he  l i g h t i n g  t h a t  ' s  i n  t he r e ,  

towards t h e  a f t  end - and we did f i n d  t h a t  it was qu i e t e r  
and was more comfortable, f o r  me anyway, t o  s leep  wi th  
nry head towards t h e  forward end. 

JARBOE 

CLARK 

SAWIN 

CLARK 
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CRESS 

It was a head bunk. 

Head bunk. I think everybody ended up sleeping with t h e i r  
head toward forward end, d idn ' t  they? 

I t ' s  a l i t t l e  qu ie te r  because t r a f f i c  up and down t h e  
ladder  d idn ' t  bother  you. 

Well, the re  was t r a f f i c  th ro-gh  t h e r e ,  and you did cut 
out a  l i t t l e  b i t  of t h e  somd  by being up i n  the  forwarij 
end where you're back behind t h e  wall of the  stowage 
lockers .  

You were operating experiments. You had, say,  one guy 
down performing t h e  experiments? You had a monitor. 
Did you r e s t  i n  some of t h e  chairs  w e  put i n  the re?  
And i f  so, what kind of r e s t r a i n t s  would you l i k e  t o  see 
maybe f o r  t h e  Shut t l e  Program a t  zero gravity? ??e put 
you some chairs  i n  t he r e .  I don ' t  know whether you used 
them o r  not .  

Which chairs?  The blue cha i r s?  

No, .- w e  had a . . . s too l  . . . 
O h ,  i n  the  l a b  i t s e l f ?  

Right. What I ' m  r e a l l y  saying i s ,  as you are opera ti:;^: 
these  t h ings ,  one would nonitor while the  other  gAy TFLFY-~  
l i k e  on t h e  ergometer o r  something. The gdy mai tmi- . - ,  
what did he normally do? 9id he s i t ,  o r  d id  he - - 
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No, he stood there ,  except f o r  the  microscope a ~ d  the  
workbench. That 's  t h e  only place we r e a l l y  needed a  
cha i r .  And I ' ve  evaluated t h a t  t h e  Spacelab by t he  foot 
r e s t r a i n t  systems, t ha t  go up and down the  handrails  and 
t h e  water tank and it looks r e a l l y  good. That 's  probably 
t h e  w a y  t o  go. I f  you are not doing it, by jus t  f l oa t i ng  
i n  f ront  of it or  with one hand on it and the  other hand 
running t h e  controls .  I th ink  i f  you've got t o  s t a t i o n  
yoursel f  somewhere, t h a t  foot r e s t r a i n t  looks r e a l l y  wel l .  
You can s l i d e  up and down t h e  r a i l s ,  t u rn  it upsidedown 
and a l so  change t h e  pivot angles.  A t  present t h a t  looks 
p r e t t y  good. 

Story,  we're onboard here ,  we had two i l i f ferent  lab coats 
onboard t h a t  you could use.  Did ycu use them? And i f  so ,  
which one . . . 
Didn ' t  use them. Probably should have. 

A l l  r i g h t  would you recommend t h a t  f o r  Shut t l e ,  we pro- 
vide l a b  coa t s ,  o r  t ha t  you increase  t he  quanti ty of 
c lo th ing ,  o r  what? O r  would you need e i t he r ?  

Need more clothing.  We only had one s e t  of pants and one 
jacket ,  and a s  it was, we were pu t t i ng  these  electrodes 
on and ge t t i ng  wired up cont inual ly ,  we d idn ' t  have t he  
jacket  on. But t ha t  s e t  of pants r e a l l y  got d i r t y .  I 
mean i f  you d idn ' t  t i e  it down a t  n igh t ,  it would walk 
away. Between t h e  blood and t h e  ur ine  and t h e  waste 
management and the  food and t h e  r a t s ,  t ha t  jus t  d idn ' t  
go a  week. 

Okay, you had one s e t  and one p a i r  of pants f o r  one week - - 
That ' s  a l l  we had - - 
And you recornend what? 

Well, a t  l e a s t  t h r ee  fo r  a  week, I ' d  th ink.  It would be 
nice  t o  have a  change f o r  every day - - 
Three, t h r e e  would be  - f o r  a l i f e  sciences mission, 
t h r ee .  

This comment comes from t h e  t h r ee  crewmembers, c lothing,  or  
t h e  l ack  of . . . But t h e  jacket ,  e s sen t i a l l y ,  t ha t  i s  
j u s t  w a r m  a t t i r e  o r  something . . . more par t i cu la r?  



MUSGRAV'E Well, we r a r e ly ,  r a r e l y  ever wore our jackets because of 
t h e  ins t runentat ion a l l  the time. 

JARBOE Okay, now - - 
CLARK 
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Not jus t  t h a t ,  I never wore mine e i t h e r .  

I f  you'd had t h i s  number of pants onboard would you s t i l l  
apt t o  take an apron f o r  your experiments o r  would you 
say t h a t  you never put it on? 

My guess i s  I wouldn't bother t o  go get  it. 

Naybe, it depend on what ' s your t ask  i s .  Now I don ' t 
th ink  our t asks  required i t ,  even though we did work on 
some r a t s .  By t h e  time Story ac tua l ly  got t o  sampling 
t i s s u e s ,  the  animals were already dead, so it wasn't 
messy. But i f  you were t r y ing  t o  ca the te r ize  a dog or 
monkey o r  something, I could see where a l a b  coat would 
be  very n ice .  I t  r e a l l y  depends on what you have t o  do. 

Of course, the  zero-g problem i s  prob&ily you're l e s s  
niore l i k e l y  t o  get i n t o  a s p i l l .  

You could say then t o  put t h e  need f o r  l ab  coats on t h e  . . . 
Primary experimenter t o  worry about whether it would be 
provided o r  not provided. 

Yes. 

One more question I want t o  ask you. Since you mnt ioned 
t h e  need f o r  a s t ronger  cleaning agent,  I wonder i f  you 
could i d e r ~ t i f y  t h e  area where you might most need a 
s t ronger  cleaning agent.  

Sure. The desk where we worked a l o t ,  where we Lad bio- 
l og i ca l  samples, and the  dining t zb l e  , t he  food t r ays ,  the  
personal hygiene s t a t i o n ,  t he  NTS. 

You're closed loop so you've got t o  consider the  out- 
gassing of them. 

S t o r j ,  back t o  c lothing.  During your s leep  period,  what 
d id  you do with your clothing? 

Threw it over a cha i r ,  which would be malagous t o  c l ip-  
snapping it on t he  w a l l  someltrhere. 01- cl ipping it t o  some 
c l i p  on the  wall  somewhere, but  s l e p t  i n  underwear. 
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Also, on the  subject  of clothing,  we had it stored i n  two 
d i f f e r en t  major configuration.  Was one configuration 
b e t t e r  than t he  other?  

I looked a t  both of them. Pul l  it out and grab what you 
need. 

There 's  no advantage of one t r a y  arrangement t o  the  other 
t r a y  arrangement ? 

That 's  a very small point ,  i s n ' t  it? I t ' s  not important. 

I d idn ' t  use t h e i r s .  I had the  f l a t  one. Presumably 
they were dipping i n to  my c lothes .  

I ' m  not worried about segregation o f  t h e  c lothing problem. 
I know you wouldn ' t  have t h a t  problem. Bxt knowing t h a t  
you could see what the  other  person was doing, what you 
ycursel f  were doing, whether o r  not it would have been 
more desi rable  fo r  you t o  have t h e i r  system, o r  fo r  them 
t o  have yours,  i f  t he r e ' s  no di f ference.  That ' s  what 
we're looking for .  

Story 's  looked a l i t t l e  e a s i e r  t o  recognize what you're 
looking fo r .  But you don ' t  have much t rouble  when you 
only have four items ( l augh te r ) .  I t ' s  not l i k e  walking 
i n  your c lo se t  and t ry ing  t o  s e l ec t  a s h i r t .  I t ' s  p r e t t y  
easy. 

What t oo l s  d id  you u t i l i z e ,  and can you th ink  of any t h a t  
you might recommend t o  be included? 

More v e r s a t i l e  screwdrivers. Larger assortment of screw- 
dr ivers  would be helpful .  

They were all r e a l  long sha f t .  
- 

You know, we d idn ' t  - as Story saiC;, e a r l i e r  today, we 
d idn ' t  have t h a t  many problems where we needed tha,t much. 
We exercised t h e  k i t ,  but we sure needed - 
We used a bunch of t o o l s ,  though. Me r e a l l y  used them. 
Toolkit is  r e a l l y  e s s e n t i a l .  

Nylon cord - - 
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I was th inking o f ,  you know, somebody i s  going t o  even- 
t u a l l y  pick t h i s  up. And, I ' l l  have t o  put one together .  

YOU m y  need a s t m d a r d  t o o l k i t ,  and you a l so  may need 
another t o o l k i t  t h a t  i s  unique t o  t h a t  pa r t i cu l a r  pay- 
load  t h a t  you're f ly ing .  The problem with  t h i s  one, 
t h a t  - I don ' t  th ink  anyone went through all the  various 
systems and looked a t  t he  s i z e  of t h e  nuts and bo l t s  and 
all the  d i f f e r en t  t o o l s  t h a t  you might need i n  case you 
had a problem. J u s t  a t o o l k i t  put onboard. It turned. 
out  t ha t  a few of them t h a t  we could use t ha t  weren't  
t he r e .  

Like having a - 

Like proper wrenches we got i n to  on repa i r s ,  on discon- 
nect ing t he  BIG. We d idn ' t  have a large  enough wrench 
f o r  - - t h e  v i segr ip  wasn't large  enough t o  use.  

We probably could use - we need a s p l i n t e r  group on t o o l s ,  
I think.  We could spend an hour or  2 going over each 
t a s k  t h a t  was done. I t h ink  it i s  r e a l l y  c r i t i c a l l y  in- 
por tant  t o  have t he  r i g h t  t o o l s .  We brought t h a t  th ing 
out and, you know, we brought that out i n  t h e  l ab  with us 
and we were r e a l l y  glad we had it. Of course, each experi- 
ment had i t ' s  own s e t  of t o o l s ,  too .  

That was unstowed and taken out i n  the  l ab  and lef t  t he r e  
because it was being used fo r  something. 

We were using it all t h e  time. 

' I th ink  whoever comes up with this - I have a basic l i s t  
and I m y  be able t o  he lp  . . . I ' d  l i k e  i f  we could get 
together  . . . 
We were dipping i n t o  - t h e  experiment, you know, we got 
t o  know who had what. Same as t h e  l a s t  sim. We knew what 
we needed, we'd go t o  t h a t  experiment and borrow h i s  too l s  
f o r  a while. 

The bes t  people t o  t a l k  t o  on t h a t ,  Charles, would be 
l i k e  t h e  techs  who helped assenkle t h e  gear ,  r a ther  
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- 
than us .  1 worked with t h e  gear but  I d i d n ' t  b o l t  it 
together  and guys l i k e  John Eonaldson or  Shane Smith, 
people who ac tua l l y  had hands on pu t t ing  the  gear to- 
gether might know a l i t t l e  b e t t e r  about what t oo l s  might 
be needed. 

I th ink  i t ' s  a  r e a l l y  important, r e a l l y  important aspect 
a rea .  

How about, we a l s o  put i n  miscellaneous suppl ies  f o r  
s t a t i one ry .  Do you have some idea  of what you f e e l  l i k e  
t h e  experimenters o r  people should supply the  as t ronauts .  
These are suppl ies .  I n  other  words i s  a clip3oard with 
a pad more s u i t a b l e  than a l i t t l e  logbook f o r  a pocket? 

I j u s t  used a pen - 
I t ' s  a personal  preference type t h ing  more than anything 
e l s e .  

I t ' s  nice  t o  have a grab bag l i k e  you had t he r e  t o  go i n  
samples from, I even used paperclips.  I d idn ' t  th ink I ' d  
need them, but I got t o  so r t i ng  th ings  ou t ,  jus t  wanted 
some, and they were t he r e ,  it was nice .  

Story,  can we t a l k  about personal hygiene and t he  waste 
management compartment now. I have some more questions 
here .  Since t h i s  i s  qu i te  s imi la r  it turns  out t o  t he  
base l ine  of t h e  Orb i te r  now, would you assess t h e  adequacy 
of t h e  volume of t h e  head i n  r e l a t i o n  t o  t he  s i z e  and 
adequacy of t h e  layout?  

Correct .  

.The waste management compartments? 

The-waste management compartment. The privacy aspects 

The double door was r e a l l y  neat  - t o  be able  t o  fo ld  t h e  
double door out  - a l l  t h e  way out t o  t he  personal  hygiene 
s t a t i o n  and get  t h a t  addi t ional  volume. 

Did you fo ld  it past  where it mates with t h e  galley? I s  
t h a t  s u f f i c i e n t  volume. 

Yes, t h a t ' s  b e a u t i f u l  volume. And just  f o r  using the  
waste manageaent system, i t ' s  n ice .  



SAWIN I t ' s  not a matter of modesty, because a f t e r  you have litred 
together  2 or  3 days, it doesn' t  matter. I t ' s  courtesy 
more t h m  anything, you know. I f  people are s i t t i n g  there  
ea t i ng  and someone needs t o  use t h e  WCS, i t ' s  awful nice 
t o  be able t o  compartmentalize - 

MUSGRAVE But you got t h e  mixed crew aspects ,  too.  So you a re  going 
t o  have t o  provide privacy.  And fo r  privacy and taking a 
bath ,  quotes "bath ," with t h e  personal hygiene s t a t i o n ,  
you need a double door t h a t  w i l l  swing dl the  way out t o  
t he r e .  3ut you a l s o  got t o  consider t h e ,  the  zero-g now. 
O n  t h a t  waste management system, t h e  step was p r e t t y  in- 
secure.  You r e a l l y  dZdn 't f e e l  l i k e  you could s t a d  on 
t h a t  thing.  You know, you couldn ' t  s tand on i f .  because 
you can ' t  s tand on your heels  very good, not and do the  
wiping not standing on your hee l s ,  and not be able t o  
stand up, you know, i t ' s  p r e t t y  precarious.  So most of 
t h e  time, you - a t  l e a s t  I would - I ' d  s tep  off  t h e  th ing  
and use t h e  area out i n  f ron t  of it. Now i n  zero-g, i t ' s  
probable you jus t  hover r i g h t  above t he  th ing,  ao things 
t he r e .  This i s  the  de t a i l ed  debriefing we a re  doing cow. 
We get  i n t o  the  d e t a i l s .  But I th ink  you'd have it - you 
r e a l l y  need a double door t h a t  would go all t he  way out 
t he r e  fo r  taking a bath  and a l l  t ha t  business,  especia l ly  
f o r  a mixed crew. 

GOULDING Did you use the  l i t t l e  cur-kain f l a p  up t o  the  a f t  l i g h t ?  

SPROSS I don ' t  th ink they did  because we covered over t ha t  other 
hatch . 

MJSGRAVE But, yes ,  I th ink  you ought t o  have t h a t ,  too. I th ink  
you ought t o  r e a l l y  be able  t o  s e a l  t ha t  a rea  i n  fo r  mixed 
crews. And fo r  the  other  aspect ,  maybe l i g h t  shie lding - 
no - f o r  sleeping o r  something - fo r  mixed crews you prob- 
tibly ought t o  be able t o  s e a l  o f f  t ha t  whole a rea .  

MUS GRAVE No. In  zero-g, you don' t  know whether you're heads up or 
heads down. 

SPEAKER Seal  t h a t  e n t i r e  area  i f  poss ible .  

MUS GRAVE I th ing  t h a t ' s  des i rab le .  
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O k v ,  with t h e  door closed; or  did you use it with the  
door closed, t he  sink and t h e  mirror was there  su f f i c i en t  
room i n  t he r e?  

Yes. You can take a sponge ba th  there  with t h e  door 
closed.  Standing up, of course. And you w i l l  have even 
more a rea  when you ge t  zero-g. 

Story,  s t i l l  on personal  hygiene period. We provided you 
with  th ree  separate k i t s  as we have i n  t h e  past  and we 
have t h e  difference between th ree  periods. We gave you 
d i f f e r en t  toothbrushes d i f f e r en t  toothpss te ,  and a lso  
gave you a d i f fe ren t  . . . your hairbrush or comb. 

Yes, t h a t ' s  good. Outstanding hairbrush you had there .  

. . . t o  t he  crew on t h e  par t  of the  . . . I would l i k e  
t o  know did you f i nd  any major di f ferences .  In  other 
words, did you f i nd  inadequacies i n  those items. Now you 
were using t h e  regular  . . . razor  t h a t  you've used before.  

I used the  Techmatic ins tead  o f  t h a t  th ing  t ha t  was 
suppl ied,  which I gave up 10 years ago, or  whenever they 
went out of s t y l e .  Someone had s a id  don ' t  use a Tech- 
matic,  becaus? you can ' t  cleanse it. Well, with t ha t  j e t  
stream of water i n  t h e  personal hygiene s t a t i o n ,  you can 
clean it very adequately. h d  even i f  you couldn ' t ,  you 
could throw one away everyday a ~ d  not take up must more 
volume than with one of t h e  old  double blades.  

Did you use t he  shaving cream t h a t  was provided? 

That ' s  f i ne .  That worked wel l .  

Okay, .can you t e l l  me r i gh t  o f f  hand, was yours - the 
mi l i t a ry  o r  . . . 
I thought it was G i l l e t t e .  

Okay, Bob, you d i d n ' t  know i f  it was . . . 
I d idn ' t  shave t h a t  much, but  when I did with t h a t  razor 
t h a t  was provided, I cut myself. I ' d  ra ther  use the  
Trac I1 or  something l i k e  t h a t .  

And t h e  shaving cream, were there  any problems with t h a t ?  



CLARK That was a l l  r i g h t .  

SAWIN The deodorant was very good, too .  That s t i c k  deodorant, 
I ' d  never seen it before on t h e  market and it was good. 

MU SGRAVE It was Chuck. He brought me out rqy s t i c k .  

SAWIN Story s a i d  what's t h i s ?  I s a i d  t h a t ' s  deodorant, Story,  
t r y  it! And I s a i d  have we got t h a t ?  He s a i d  I don ' t  
smell.  I s a i d  you're . . . 

MUSGRAVE This i s  r e a l l y  a  de ta i l ed  debr ief ing,  I t ' s  not r e a l l y  
applicable t o  t h e  spacecraf t  environment i s  much d r i e r .  
But I d idn ' t  r e a l l y  s t i n k  u n t i l  day 5.  . . . But I ' l l  
t e l l  you, i n  9C and r e a l l y  pouring t he  sweat oul: f o r  an 
hour, it kind of cleaned up. That and the  sponge ba th ,  
and I was back about t o  day 1. 

SAWIN On t h e  personal hygiene s t a t i o n ,  I would have de f in i t e ly  
have gotten a  sho r t e r  ha i rcu t  i f  I were going t o  do t h i s  
f o r  r e a l .  I t ' s  impossible t o  wash your ha i r  i n  t he r e ,  I 
th ink .  Vir tual ly  impossible. 

MUSGRAVE Except f o r  t h a t  example of r ins ing  t h a t  razor ,  we r e a l l y  
weren't  using t h e  flow cha rac t e r i s t i c s .  It was b e t t e r  t o  
wet a  washcloth and scrub.  

SAWIN I used it t o  wash some resp i ra to ry  valves. It worked 
n ice ly  f o r  t h a t .  

JARBOE What was t h a t  again? 

SAWIN It was a  l i t t l e  valves we used fo r  pulmonary m c t i o n  and 
cardi8,c output measurement. The force  of water flow was 
very nice  fo r  washing t h a t .  

JARBOE How about t h e  l i g h t  i n  t h e  Orbi ter?  In  t h a t  pa r t i cu l a r  
range . . . 

MUSGRAVE Good l i g h t  everywhere. Was t ha t  f a i r l y  baseline? Was 
t h a t  something l i k e  t h e  - good l i g h t ,  r e a l l y  good l i gh t i ng .  
I ' m  amazed i.t was t h a t  much. 

JARBOE 7 Were these  spec ia l  l i g h t s  on t he  t ab l e  . . .. 
MUSGRAVE There was a l o t  of l i g h t  i n  the re .  
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- t o o  much? 

No, you could t u rn  them d.ow-n. We need t o  control  Spacelab 
lists, I know we got individual  s w i t ~ k e s  now, 

No dimmer con t ro l .  

But something l i k e  echocardiography . You've got t o  
ge t  them a l l  out  . 
And t h e  same with t he  s t e r eo .  

Faat all did you . . . use t h e  personal hygiene s t a t i on  
f o r ?  

I d w q s  used t h e  wash and dry, o r  t h e  wet and d r i e r ,  
a lcohol  wipes o r  u t ens i l s  t o  clean up t h e  t r ays .  Pri-  
marily j u s t  washing hands, face ,  and body t he  be s t  you 
could. 

Did you s t ay  wi thin  t h e  compartment f o r  sponge bathing? 

I never bothered t o  put t he  door up myself but  you could, 
p len ty  of room. Since t he r e  were jus t  th ree  of us ,  it 
was no problem. 

Was t h e  water temperature good? 

Very nice .  

W e  touched e a r l i e r  s l i g h t l y  on t h e  wash problem of t he  . 

towels avai lable  and t ha t  you would l i k e  t o  have more 
towels f o r  cleansing t h e  vehicle i t s e l f .  Step 1, though, 
on personal hygiene, were they adequate? Did you heve 
adequate qumt  i t i e s  ? Did they properly absorb water? 

The towels d idn ' t .  

Yes, t h e  comment on t h e  towels would hold f o r  whatever 
use. They a re  good f o r  hand towels, but  i f  you're doing 
a t o t a l  body wash, they a re  r e a l l y  not too a d e q ~ a t e  f o r  
t h a t .  

So you would pre fe r  a d i f f e r en t  kind? 

A towel with some p i l e  on it. 
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A towel with what? 

With p i l e  on it. 

Okay, so you would pre fe r  t h a t  type of towel? 

Was t h e  l i q u i d  soap adequate o r  would you ra ther  have a 
b a r  soap? 

It was okay. Of course, we had some problems with it ,  I 
guess, were pecul iar  t o  t h e  operation of t he  f a c i l i t y .  
That f i r s t  day I came out and walked i n  the re ,  and t he  
soap was pouring down l i k e  a water f a l l .  But it was good 
soap, it had a pleasant odor, it cleansed wel l  and it 
d idn ' t  i r r i t a t e .  

Story,  d id  you a l l  ever use any of t h e  overhead storage 
o r  t h e  underfloor s torage,  t h a t  was never used was i t ?  

I n  t h e  Spacelab? 

Right.  

No. No. That would have been, i n  one-g, p r e t t y  grim. 
We opened them t o  see how they  opened. The Spacelab 
l i g h t s  have got t o  be able t o  be shut o f f .  Stereometric 
photographs and echocardiography are two of them. I n  
o ther  words, you might design it so t ha t  - yes ,  you can 
ge t  them a l l  o f f ,  bu t  a couple of emergency l i g h t s .  I f  
those  can ' t  be shut o f f ,  then  we need covers t o  cover 
them. 

How abcut t h e  l i gh t i ng  i n  t h e  work s t a t i o n ,  was t ha t  
adequate t he r e?  

Yes, t h a t  was f i ne .  Now I know Spacelabs, has got a t  t he  
-PRR t h e  requirements were, I don ' t  know how many thousand 
candle power. I t ' s  a huge sum t h e  l i f e  s c i e n t i s t s  put 
i n t o  t h a t .  I th ink  it i s  excessive.  We'll take a look 
a t  t h a t  at t h e  next Spacelab design review. That was 
adequate . 
The stowage on t h e  forward bulkhead. Were there  any type 
of  t r a f f i c -pa t t e rn  problems, access problems t o  those 
lockers  ? 

'Glell, t h e  c lothing,  f o r  example, probably would have been 
more adequate over by t h e  bunk, but  a l l  the  food was r i gh t  
t he r e  where it needed t o  be .  Other than t h a t ,  I . . . 



Grouping of all l inens  i n  one a rea ,  i f  poss ible ,  might 
b e  more l o g i c a l ,  bu t  we had our personal clothes above 
t h e  food, and we had towels over t h e  other  s ide .  I t ' s  
r e a l l y  not a b i g  t h ing ,  but it might be more l og i ca l  t o  
put  all things  t h a t  a r e  s imi la r  l i k e  t h a t  i n  one area.  
It might be  e a s i e r  t o  remember where t o  go. 

JARBOE Do you normally t ake  t h e  l i t t l e  boxes out and l ay  them 
on t h e  t a b l e ,  o r  do you j u s t  f i nd  them and pick what you 
want ? 

SAWIN Which ones? 

JARBOE The stowage boxes. 

CLARK Both. 

MUSGRAVE Like t h e  bags i n  t h e  cleanup and a l l ,  we took t h a t  box 
and had .it out i n  t he  Spacelab most of t h e  time. You 
need a place t o  hook it down out the re  and something t o  
keep t h e  bags i n  it. 

JARBOE I n  o ther  words, you ' r e  saying, i n  o r b i t  you would ac tua l ly  
open up a locker ,  remove a t r a y ,  and take it t o  t h e  use 
l o c a t  ion? 

WSGRAVE Yes. 

SAWIN Perhaps have a Velcro cover over t h e  t r a y ' s  contents.  

JARBOE They de f in i t e ly  need t o  be removable from the  stowage 
lockers .  

CLARK 

JARBOE 

CLARK 

I msntioned one t h ing  cn tiedowns f o r  zero-g. Although 
it was sim pecu l ia r ,  t h e  carpet  t i l e  t h a t  was i n  t he r e  
was excel lent  p i l e  t h a t  worked wel l  with Velcro. You 
had areas where you could t ake  t h e  carpet t i l e  and put it 
on t h e  f ront  of t h e  locker ,  f o r  example, and you could 
t ake  t h e  - Velcro t h e  food o r  whatever and jus t  patch it 
r i g h t  on t o  t h a t .  And you don 't have t o  worry about h i t -  
t i n g  a p i l e  of Velcro t h i s  b i g  t o  another piece of Velcro 
t h i s  b ig ,  you could jus t  s l a p  it up there .  

Of course, t h a t ' s  a flammability problem t h a t ' s  why . . . 
Yes, i f  t he r e  was such a th ing ,  it could be where you 
could have a l a rge  a rea  where you could fas ten things t o ,  



r a t h e r  than l i t t l e  b i t t y  pieces where you had t o  h i t  one 
on one. 

WESTOVER Did you have any problems with the  c lo th  drying r e s t r a i n t s  
you push in?  

CLARK Great - 
SAWIN They're wel l  t e s t e d .  I ' v e  had them i n  t he  kitchen fo r  

about 8 years .  

MUS GRAVE They were i n  Skylab, too .  
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Did you use two washrags, one f o r  r ins ing ,  and one for  
soap? O r  d id  you j u s t  r i n se  every time? 

We used two. 

Two the  whole week ( l augh te r ) .  

Do any of you have any recommended modifications t o  the  
Orbi ter  and of t h e  mockup? 

You mean as - - 
A s  opposed t o  t he  Spacelab. 

I th ink  we addressed t h e  problems of t h e  two-shift opera- 
t i o n s  and noise  and l i g h t ,  she l t e r i ng  fo r  s leep.  

Stowage i n  those  cabinets i n  t h e  a f t  f l i g h t  deck area. 
We had a Tandberg recorder s t u f f ed  down i n t o  one of those. 

Are you t a l k i n g  about t h e  f l i g h t  deck? 

Both t h e  f l i g h t  deck and t h e  . . . 
The human fac tors  on t h a t  one are  not good, but I guess 
it got kind of  l a t e  i n  t h e  game and we got t o  put t h e  
recorder somewhere and t h a t  was where it went. It was 
r e a l l y  some of  t h e  goofs we had t h e  f i r s t  day out ,  caused 
by me i n  p a r t i c u l a r ,  r e l a t e d  t o  t he  f ac t  t h a t  I couldn' t  
see  t h e  heads t o  thread t he  tape.  I jus t  kind of reached 
over and dragged t h e  tape across and missed an i d l e r  
pul ley.  When it came time t o  change tapes ,  it was d i f f i -  
c u l t  t o  get  tapes  on. 



1.IUSGRAVE That ' s probably - 
SPEAKER Is t h i s  t h e  one i n  t h e  a f t  f l i g h t  deck? 

SPEAKER This is  a problem with t he  l i g h t s .  

SAWIN Well, i t ' s  l i g h t ,  clearance,  i t ' s  everything. When you're 
t r y i n g  t o  get  up over i t ,  you can ' t ,  so  you sneak around 
t h e  s ides .  You j u s t  c an ' t  get i n  the re  t o  work. 

MUSGRAVE The problem was f i d e l i t y  during t r a in ing .  During t r a in ing ,  
t h e  end wasn't sea led  o f f .  So t ha t  during t r a in ing  you 
pu l led  t h i s  l i d  out here  and you worked with t h e  tape l i k e  
t h i s .  Well, you don ' t  know t h a t  i t ' s  going t o  be sealed 
o f f  here ,  and you're going t o  have t o  go over t he  top 
when you get  t o  doing it fo r  r e a l ,  and Chat was the  f i r s t  
time we did it. So t h e  v i s i b i l i t y  - We'll have a problem 

' i n  t h e  r e a l  spacecraf t  - access t h a t  are  put i n  those 
stat ions . 

CLARK One th ing  t h a t ' s  needed up t he r e ,  a t  the  payload specia l -  
i s t  s t a t i o n  i s ,  with all t h e  s t u f f  i n  t he  racks,  t h e r e ' s  
no wr i t ing  surface  up t he r e .  I f  you want t o  wr i t e  on any- 
t h ing ,  t h e r e ' s  no wr i t ing  surface whatsoever. Maybe a 
wr i t i ng  surface could be  there  t ha t  could be pulled out 
o r  something o r  o ther .  As it was, you had t o  wr i te  on 
your knee o r  something o r  o ther .  No f l a t  surface avai lable  

SPEAKER The basel ine  does have a portable working surface.  

CLARK Okay, good. 

SPEAKXR Do you havz some sketches o r  drayrings on t ha t ?  

MILLiER Story,  d id  any of you have any problems with t h a t  carpet 
on s t a t i c  e l e c t r i c i t y ?  Getting zapped with i t ?  

MUSGRAVE When it f i r s t  got l a i d  down, t he r e  was some, but  it went 
away. 

CWiK It was mainly because we were i n  the re  i n  s t r e e t  shoes. 
When we put on sneekers , t h e  problem went away. 

MILLER I n  other  words, it was t h e  type of shoes you were wearing? 

CLARK I th ink  so. 
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I th ink  t h a t  you ougk~t t o  s e l l  t h a t  carpet t o  Houston 
Light and Power. 

I n  sneakers o r  bare  f e e t ,  it was a l l  r i gh t .  

. . . all of t h e  crews from here on out w i l l  be wearing 
t h a t  type of shoes. 

When you get  - we're not  going t o  have a ca rpe t ,  I don ' t  
be l ieve ,  i n  Spacelab. 

No, I ' m  t a l k ing  about fu tu re  t e s t s  over the re  i n  those 
f a c i l i t i e s .  

My guess i s  yes .  

We'l l  provide t h e  same shoes? 

Howard went t o  a l o t  of t rouble  t o  loca te  those.  

Real ly ,  a l o t  of e f f o r t  went i n t o  t he  s e l ec t i ng  those.  
They weren't jus t  - they d idn ' t  go down t o  t h e  dime s to r e  
and buy them. 

Yes, I understand. 

They were f i n e .  

Story,  we provided - f o r  general u t i l i t y  use f o r  t h r ee  
separate  pa i r s  of s c i s s o r s ,  being somewhat d i f fe ren t  i n  
design each o f t h e  t h r ee .  Did any of you co-use those 
s c i s so r s .  Did you end up throwing one or  two p a i r  away? 

? O r  did r l l  th ree  . . . . 
Get yourself  a p a i r  of R i t a ' s  type.  In  other  words, we 
used t h e  bandage s c i s so r s ,  I t h ink ,  i n  preference t o  the  
s t r a i g h t  blade ones, which d idn ' t  seem t o  work. 

You had a p a i r  of bandage sc i s sors  i n  t he r e ,  but they 
were t oo  la rge  and cumbersome. The ones t h a t  were with 
t h e  food prep k i t  were jus t  t h e  r i gh t  s i z e  f o r  all t he  
t a sks  . 
Okay, so  t h e  ones t h a t  R i t a  had i s  what you wo-dd want t o  
be  provided f o r  a l l  uses? You've seen t he  ones we had on 
Skylab. They were considerably l a rge r  than these .  
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I l i k e  t h e  long snouted s t r a i g h t s  f ine  too ,  so you got a 
d i f ference of opinion. 

To t h e  point  t h a t  t h e  others  would not provide something 
t h a t  you could use ,  t h a t  t h e  long s t r a i g h t s  would? 

Not t o  t h a t  ex ten t ,  no. 

The type t h a t  t hey ' r e  saying would be adequate f o r  an 
all-purpos e vehicle system? 

They're mostly used f o r  opening food. Slipping t h a t  
l i t t l e  hook on t he  bandage sc i s sors  i n t o  the  hole ,  then 
c u t t i n g  along. It r e a l l y  s l ipped i n t o  t ha t  hole very 
n i c e .  

.Say before we used t o  use those b i g  ones we had onboard 
t o  cut anything, d id  you see any need for  having those 
l a rge  sc i s sors?  Would there  have been places you would 
have used t h e  Apollo/Skylab sc i s sors  i f  you'd had them? 

No. 

Okay, so  - - 
Not t h i s  t r i p .  

J u s t  f o r  general information, f o r  the next t e s t  we make, 
it would be i n t e r e s t i n g  t o  know could you ac tua l ly  hear 
what was going on outs ide  t he  t e s t ?  There were some 
louvers down on t he  end of t h e  payload there  - - 

No. Very l i t t l e .  

Very l i t t l e ?  

There was other  sensory perception t h a t  you could t e l l  
when - espec ia l ly  when t he  guys got down there  t o  re- 
l e a s e  t h e  vacuum and change t h e  cold t r a p  out.  The 
odors went waf'ting up t o  the  a f t  f l i g h t  deck. 

But occasionally you would hear  something. 

I guess when you took t h e  cold t r a p  o f f .  I was smelling 
it up there .  

Yes, you sure could. 
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The sound wasn't objectionable then ,  i n  operating the  
experiments o r  anything? 

No, they heard us more than we heard them. 

How much did  you hear on t h e  outside there?  

It sounded one night  l i k e  you were having a b i g  par ty  i n  
t he r e .  

Was it coming out t o  t h e  consoles? 

I th ink  we heard you more a t  night  it was qu ie te r  outs ide .  
I n  t h e  daytime, I th ink  t he  ambient - - the re  was more 
noise  outside i n  t h e  daytime, I don ' t  know i f  you all 
not lced t h a t  o r  not. 

No, d idn ' t  bother a t  dl. 

We were th inking it was s o r t  of s t range,  Saturday, I guess 
it was, t h e  doors were r a t t l i n g .  

Yes, Story sa id ,  what's t h a t ?  I d idn ' t  even hear it. 

I ' m  on t h e  vest ibular  cha i r .  Man, I heard t he  doors 
r e a l l y  r a t t l i n g .  

The doors were jus t  shaking, l i k e  they were going t o  come 
of f .  

And I 'm wondering how my a i rp lane  i s  doing out t he r e .  

They were r e a l l y  banging away, you know. That was r ea l l y  
t h e  only strong input t h a t  went i n .  

I can ' t  bel ieve you d idn ' t  hear  the  servic ing of t he  cold 
t r aps  . 
Yes, we heard t h a t .  But you know i t ' s  l i k e  any other  
cycling spacecraft  system. Really, we had a good sense 
of  i so l a t i on  i n  the re .  

Couldn ' t service  it any other  p lace ,  but  when we shot t ha t  
n i t rogen t c  i t ,  it made t h a t  spewing sound. 

The f i r s t  time I heard i t ,  I thought it qy magnet t r ans i -  
t i o n  backed up. 
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We've f in i shed  up t h e  h a b i t a b i l i t y  except f o r  t h e  WCS. 

How was t h e  corn i n s i d e  t h e r e ?  

The comm? 

It depended on t h e  ambient noise  l e v e l .  I f  you had a l o t  
of ambient noise  l i k e  wi th  Story grinding out on t h e  
ergometer, you had t o  t u r n  t h e  volume up, i f  you d i d n ' t  
want t o  use t h e  earplug,  which I d i d n ' t .  Then ycu had 
feedback problems. Other than t h a t ,  it was very good. 

The speaker box on t h e  art f l i g h t  deck overhead, you 
couldn ' t  crank t h e  volume up loud enough t o  r e a l l y  hardly  
hea r  anything. You had t o  use a headset a l l  the  t ime.  

7 Was t h a t  from the  beginning o r  d i d  t h a t  j u s t  . . . . 
That was from t h e  beginning. 

We need a speaker box back i n  t h e  Spacelzb , and we don ' t  
have it r i g h t  now. And you jus t  c a n ' t  imagine some CDR/ 
PLT going down the re  temporar i ly  and having t o  plug i n t o  
a headset .  And a l s o  f o r  t h e  subject  who wants t o  know 
how th ings  a re  going, h e  i s  a l s o  concerned with how t h e  
d a t a  and how t h e  experiment's going, and he wants t o  a t  
l e a s t  hear  one end of it. So we need a speaker box down 
t h e r e  i n  t h e  Spacelab. And a l s o  t h e  headset we had t h i s  
t ime , you weren ' t ab le  t o  go hot  mike. There was no way 
t o  l a t c h  t h e  th ing .  And t h e r e  were a few times when t h a t  
h u r t  you, l i k e  i f  you wanted t o  go over t o  t h e  chromato- 
graph o r  something, and be t a l k i n g  and pointing th ings  
o u t ,  say on t h e  TV o r ,  e s p e c i a l l y ,  say, microscopy. If 
you ' re  having a running commentary with a P I  who's look- 
i n g  a t  what you're pumping down through t h e  microscope, 
you need two hands t o  run t h e  microscope and t a l k .  So 
you'd l i k e  a hot  mike i n  t h a t  case.  So t h e  next time we 
ought t o  - We d id  t h e  f i rs t  s i m .  So next time we ought 
t o  have a switch t h a t  w e  can key hot  mike and leave it 
on. Wireless comm would r e a l l y  enhance it. When we get  
i n t o  zero-g, and you know what umbil icals  a re  l i k e  i n  
zero-g, and we're dragging headset  umbil icals .  We got 
four  people who a r e  working back t h e r e  and all t h e  bio-  
instrumentat  ion t h a t  's hanging around, it ' s r e a l l y  going 
t o  be a snake. I don ' t  th ink  we're going t o  win t h a t ,  I 
don ' t  th ink  we ever  w i l l .  But wi re less  corn - you know, 
w e  have it everywhere e l s e ,  and t h a t ' s  something we r e a l l y  
ought t o  work towards. I don ' t  t h i n k  w e ' l l  win i t .  
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There 's  a proposal - - 
I have one more question,  espec ia l ly  fo r  Bob. During the  
n igh t ,  t he r e  was a l o t  of times was monitoring t he  a i r -  
to-ground transmissions which we recorded a l l  t he  time, 
and I was ge t t i ng  one-sided conversations. I was not 
ge t t i ng  science room. I could hear  you t a lk ing  or I could 
hear  science room way down i n  t h e  mud, i n  the  background. 

I was always able t o  hear  them adequately with t h e  headset .  

I was going t o  say t ha t  it might be t ha t  they jus t  got 
t i r e d  of l i s t e n i n g  t o  you, Bob. . . . pwered down. 

No, I not iced no problem with any of t he  l o c a t i ~ n s  t h a t  
had t a lk ing  i n  t h e  background. 

Of course, we would l i k e  a - i f  poss ible ,  on t he  next one, 
we'd l i k e  an intercom. We had t h e  walkie-talkies,  but  
you don' t  ca r ry  those  around on you. You put them down 
somewhere. I guess, we asked you guys a f t e r  a couple of 
days did you mind our using - I guess a f t e r  t he  2 days of 
in tegra ted  sims - i f  you minded our using the  air- to-  
ground as an intercom, and I p e s s  it d idn ' t  bother yon 
a l l  what we did .  Mostly we were using it jus t  fo r  switch- 
i ng  t h e  TV nooi to rs .  

It r e a l l y  helped us knowing more what was going on. 

Yes, t h e  r f ' s  with the  handy t a l k i e s  t o r e  up a couple of 
our  more s e n s i t i v e  experiments. 

That ' s  another - the  rf from t h e  walkie-talkies,  you could 
see  it i n  t h e  ves t ibu la r  pa r t i cu l a r l y .  

He was doing t h e  ocular nystagmus and I would c l i ck  t h e  
t h i n g  o f f .  It took me twice t o  r e a l i z e  what was happen- 
ing.  It j u s t  banged off  base l ine .  

I t 's  amazing how I have never seen a vehicle so f r ee  of 
emi . And t h e  walkie-talkies,  yes ,  but they were add-on. 
The t h ing  was absolutely clean. You'd crank up one ex- 
periment, and on another one, you wouldn't see  any e f f e c t s .  
It was r e a l l y  clean. 

We had one o r  two times where, when we i n i t i a l l y  s t a r t e d  
t ak ing  VCG, we had noise on t he  s i w a l .  And before we 
were able t o  define t h e  source of i t ,  it went away. And 
both times t h e  s igna l s  were superclean. 



bIU SGRAVE Some of t h e  time it was not on t he  bike  but  jus t  doing a 
cardiovascular s e r i e s .  We'd come with noise on it, and 
it went away. Don't know where it came from. And it 
wasn't t h a t  we didn't have t h e  electrodes on f o r  hours. 
Don't know what d id  i t ,  but  it was very clean, i n  terms 
of emi. 

DEAN We had t he  f i l t e r s  i n  t h e  l i g h t  system. Also each of t h e  
28-volt 400 cycles,  and 60 cycle had i t s  own. oversized 
ground l i n e .  That may have had something t o  do with it. 
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It was clean,  r ea l l y  clean. 
-- -- - -- - 

The echo system was completely i so la ted .  It had i t s  own 
i s d a t e d  transformer. The only th ing  we ever saw was t ha t  
crazy 2- t o  %ki loher tz ,  kept  coming through on the  EMG. 
We're going t o  see i f  we can f i nd  t h a t  over the re  now. It 
never did  get  t o  where we - we always got data.  Every 
once i n  a while, it was more noticeable than a t  o ther  
times. I th ink  it had t o  do with the  time of day. We 
could co r r e l a t e  e i t h e r  what was going on i n  t he  l a b ,  o r  
perhaps what was going on i n  t h e  bui lding.  But other than 
t h a t ,  it was absolutely unbelievable. 

The f a c i l i t y  was super. We had no power outages, we had 
no l o s s  of vacuum, we had nothing. It was r ea l l y  good. 

Story,  with all of t he  - t h i s  may be a l i t t l e  b i t  d i f f e r -  
ent  type of question - with a l l  of t he  shelf-type gear ,  
d id  anybody ever bump i n t o  switches and knock them i n  t he  
wrong pos i t ion  - back i n  t he  lab? 

I don' t  know. 

Did you ever inadver tent ly ,  passing by, h i t  something? 
We were r e a l l y  concerned about running around t he  end of 
t h e  s t r e t c h e r  t o  go and h i t  t h e  FR-1300 everytime. The 
PDP-8's were s i t t i n g  there  on t h a t  end of i t .  We knocked 
- out of a s imi la r  experiment we knocked the  take-up 
r e e l  o f f  of  t h a t .  But we knocked it of f  dragging t h e  
s k e l e t a l  - muscle cha i r  by it. You h i t  with your knee 
once. So, t h a t  was s t i ck ing  out p r e t t y  f a r  from t h e  
gene ra .  layout;  we h i t  t h a t  twice. But i n  terms of in- 
advertent switches, I don' t  th ink there  was one. 

Okay, how about t h e  tape recorder on the  a f t  f l i g h t  deck? 
It was found i n  rewind p r e t t y  ea r ly ,  could t h a t  have been 
knocked? 

9 2 
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Yes, remember t h a t  th ing  went t o  r a p i d  rewind, d id  you 
ever  f i n d  out why? 

That w a s  day 1, r i g h t ?  

No, it w a s  l a t e r  than day 1. 

Was it l a t e r  than t h a t ?  

No, it was day 1. 

It was day 1 because t h a t  was me again ,  and I don ' t  know, 
probably me and not Ed. I don ' t  th ink  it ever happened 
t o  Bob a f t e r  t h a t .  

It doesn 't sound l i k e  an inadver tent .  

What about t h e  densi ty  con t ro l  on t h e  hardcopy device over 
wi th  7, 8, and 9? 

That was very f i n e ,  t h a t ' s  f i n e .  One c l i c k  over and 
t h e r e  ' s  nothing. 

I t ' s  s e n s i t i v e  t o  about - a  10-degree t u r n  on t h a t  th ing  
i s  enough t o  throw it o f f .  

Do you t h i n k  you h i t  it inadver ten t ly  when you had t h a t  
g~roblem? 

Oh, t h a t  time t h a t  it went dawn. I don ' t  know. I ' d  
ques t ion t h a t  because a t  near t h e  end of t h e  mission, I 
t h i n k  it was a  s i c k  piece of equipment. Near t h e  end of 
t h e  mission, we s t a r t e d  g e t t i n g  j u s t  he l l ac ious  con t ras t s  
on those  copies;  they were coming out  almost dark. 

Yes, I s a w  t h o s e  Sunday afternoon.  

And t h e r e ' s  supposed t o  b e ,  I understand, a  r e f r i g e r a t i o n  
u n i t  as  p a r t  of  t h a t  and I ' m  wondering i f  it 's  holding 
up o r  no t .  That keeps t h e  paper f r e s h .  And i f  you don' t  
r e f r i g e r a t e  t h e  paper, l i k e  we keep all spare r o l l s  i n  
t h e  r e f r i g e r a t o r ,  then they tend t o  develop. And I wonder 
i f  t h e r e  might be a  malfinct ion i n  t h e  u n i t .  I jus t  don ' t 
see  how I could have reached over and turned;  t h a t ' s  a 
r o t a r y  switch.  You'd have t o  a c t u a l l y  grab a  knurled knob 
and t u r n  it. 

P r e t t y  good f r i c t i o n  on t h e  switch.  
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Yes, i t ' s  j u s t  not something you'd inadvertently do. 

I t ' s  not l i k e l y  t h a t  you would have h i t  it. . . . sure 
it corrected t h e  problem. 

Bob got on t h a t  and rebalanced t h e  CRT output and t h e  con- 
t r a s t  on t h e  hardcopy u n i t  and it worked f i n e  again f o r  t h e  
next 3 o r  4 days. 

It r a i s e s  a good question about what kind of shie lds  t he  
Spacelab ought t o  provide o r  payload ought t o  provide. 
I of ten looked a t  t h e  PDP-8's on the  dash 11 and wish they 
were recessed a l i t t l e  b i t .  Because i f  you ever got t o  
t h a t  switch r e g i s t e r  o r  something and dib't know, it would 
r e a l l y  slow you down f o r  a while. 

Yes, t h e r e ' s  a lock capab i l i ty  on t h a t  switch r eg i s t e r .  

Yes, we lef't t h a t  i n  lock a l l  t he  time on those. But we 
d id  r e l y  tremendously upon going back t o  something and 
having every-thing where it was. And i n  t h e  f i r s t  s i n ,  
we had a couple of them - t h e  dog one came up completely 
out  of configuration.  The ves t ibu la r  one t h i s  time they 
had been working - t h e  problem we had with I guess the  
ECG appearing on t h e  ves t ibu la r  one and they - Out of 
t h e i r  own t e s t i n g  they have been ge t t ing  out of configura- 
t i o n  - And when Chuck was powering t h a t  one up, it cost  
him a bunch of e x t r a  time t o  r e a l l y  ver i fy  t h a t  everything 
was r e a l l y  t he r e .  And I th ink  t h e  f i r s t  time we go t o  run 
on t h a t ,  we're going t o  have t o  verif'y the  posit ions of 
everything. But i f  you look at t he  t o t a l  number of con- 
t r o l s  we had, we were re lying very hea,vily on not using 
a check l i s t  and on having it r i g h t  t he r e  where we l e f t  
it. 

The s i m  guys were bugging me f o r  some problems, and t h a t ' s  
one I thought of too l a t e  t o  give t o  them t o  l e t  them come 
i n  and bump some switches f o r  you. 

Boy, t ha t  would have s e t  us up. I mean, we would have 
been dead i n  t h e  water. Because i f  you look a t  the  length  
of checkl is t  it takes  t o  verif'y everything i n  t he  r igh t  
place t h a t  we depended on as  being w h e r ~  we l e f t  it. And 
t h a t  would have - we would have r e a l l y  be hunting. 

We brought something up a couple of minutes ago. Given 
t h e  case where a recorder i s  used onboard t o  br ing back 
da ta  tapes such as t h e  1300. Given t ha t  case,  it teems 



MUSGRAVE 

DELUCA 

MUSGRAVE 

DEWCA 

MLJSGRAVE 

DELUCA 

DELUCA 

MUSGRAVE 

DELUCA 

as though the r e  ought t o  be a mult iple s e t  of panels ' t o  
i n i t i a t e  t h e  recording a t  .the racks where you have t he  
da t a  generated, ins tead  of going back t o  t h e  recorder 
each time. 

This i s  l i k e  CDl4S. 

I ' m  j u s t  saying - I ' m  reading t h a t  outs ide  of t h e  CDMS, 
t o  b r ing  back - t h e  CDMS i s  t o  format the  telemetry t o  
b r ing  back, i t ' s  not f o r  da t a  recording. But i f  t h e r e ' s  
ever a case t h a t  comes up where you want tapes back - Now 
t h a t  might be t e s t  unique, but  on the  other  hand going 
back and f o r t h  sounds l i k e  a nuisance every t ime. 

The CDMS w i l l  not s t o r e  da ta  f o r  f i n a l  data  re turn? 

WeI1, l e t ' s  say r i g h t  now a - To the  be s t  of q y  knowledge - - 
Do you provide data  storage f o r  payloads i n  t he  Spacelab? 

I don't th ink t ha t  does t h a t .  I don' t  know what our f i n a l  
c apab i l i t i e s  i s  going t o  end up, but t h e  point  i s  t h a t ' s  
f o r  generating t h e  data  - due t o  telemetry formatting 
and forward it t o  the  Orbi ter ,  i n  t h e  terms of the  data 
per  se .  

It would be a convenience. I would say a l so  though tha t  
we were j u s t  going by t h e  procedures we had agreed upon 
before we s t a r t e d  the  t e s t  i t s e l f .  By t h a t  I mean, i n  
running t h e  cardiovascular s e r i e s  fo r  ins tance,  we w0ul.d 
shut off  t h e  t ape  recorder between the  spec i f i c  t e s t s ,  
even though it might be f o r  only l i k e  5 minutes. And we 
had plenty of t ape ,  we could have jus t  as wel l  l e t  it run 
for t h e  morning and done t h e  whole cardiovascular s e r i e s .  

But t he  question I have i s  - i s ,  you know, w a s  t ha t  just  
f o r  t h i s  t e s t ,  because of t he  data  system we have? I f  
you get  all of t h a t  on telemetry,  then would there  s t i l l  
be a need f o r  wanting t o  get  the  raw da ta  r i gh t  o f f  of 
t h e  tape? 

You mean a playback - an onboard playback system? 

Well, we got t h a t ,  t h e r e ' s  t h a t  capab i l i ty .  No, I ' m  
t a l k i n g  about - No, we want the  rav data ,  as i t ' s  
generated f o r  some reason. 
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Some people will want t h a t .  

on the ground of looking a t  all of t ha t  i n  a given time. 
So you might have a problem i n  the downlink that  you might 1 

not see for  a while. So we  would want raw data recorded 
onboard, but i n  our function, it would be on the orb - 
through the Orbiter systems recording. We do have tha t  
requirement. 

which 'means tha t  you can get  all you want. It 's a ques- 
t i o n  of whether or  not you're off-line for  some reason 
when something happens. 
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- 
Okay, s h a l l  we f in i sh  up t h e  WCS and then we're done with 'iJ 
habi tab i l i ty .  

What about that  five-way valve, was tha t  any problem 
operating tha t  ? SAWIN 

Kind of a nuisance, Brock, i n  the sense t h a t ,  supposing I 

one person would l i k e  t o  be using the  personal hygiene 
s t a t i on  and another person i s  s tu f f ing  something down the ' 

WTS [ s i c ] ,  it would be nice if they had independent vacuums. 
That would just  be a convenience. Another thing I think : 
vacuum would be nice f o r  is  small animal housing out i n  
Spacelab. You could p u l l  tha t  through your same f i l t r a -  
t i o n  system. Those r a t s  got r e d l y  rank, and it - you 
know, we were counting the  days u n t i l  we could put them ' 

away. Even though we changed the l i t t e r  - And we had 
only 12 animals. Well, I could concieve of where you 

, might have 100 animals or  200 animals on a f l i gh t .  

*: 
Well, I think tha t  's simply cured, we have ident i f ied the 
need, as part  of core equipment, t o  provide an onboard CRESS 

vivarium, independent ECS-type thing for  small animals. 
I think tha t  was sim peculiar. We were assuming we had . 
an, you know, animal ECS system. 

On l i k e  day 3,  r iding i n  the  vestibular chair ,  you knew 
where you were each time around. It was rea l ly  tha t  way. 
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I s  Dick Sauer here?  Is he coming back? Do you know? 
Well, I guess w e ' l l  wait f o r  the deta i led discussion u n t i l  
we see him. Conceptually, I think i t ' s  a WCS and a BMS 
i s  a neat  system. I think you can use it very easy. You 
can take  a sample very n ice ly .  The concept - I don' t  
t h ink  t h e r e ' s  any way they can bu i l d  a 2-millimeter probe 
t h a t ' s  going t o  go through something, and even though  yo^ 

t o  l e t  out r e a l  slowly - t o  penetrate a septum, you're 
going t o  have a l eak .  I don ' t  th ink  you can bu i l d  any 
system t h a t  you're going t o  penetrate with a 2-millimeter 
probe t h a t  it i s n ' t  going t o  leak a l i t t l e .  And they got 
t h e  l i g h t  sources r i g h t  underneath t h a t ,  r i gh t  next t o  
t h a t  septum. And l i g h t  - Any kind of l i q u i d  on t ha t  knocks 
them o f f .  I th ink  they 'vs  got t o  seperate those .  

They t o l d  me they a re  working on a magnetic pickup on t ha t  
as  opposed t o  a l i g h t  sensor. 

Yes, a magnetic pickup ins tead  of  l i g h t ,  and t h a t  won't 
be  l i q u i d  dependent o r  something e l s e .  Conceptually, 
i t ' s  r e a l l y  a neat system. No problem a t  a l l  with doing 
t h a t .  So i s  t he  WCS. 

I ' m  so r ry ,  we're t a l k ing  about the  sample tubes on t he  
BMS . 
Talking about - magnetic sensors , yes. Conceptually, 
i t ' s  a neat system and we sure need t o  pursue i t ,  and 
get  t h e  r e l i a b i l i t y  up, and take a close look a t  t he  log ic .  
And I th ink  t h a t ' s  something we ought t o  have t r a in ing  i n  
t h e  log ic  on. We had absolute ly  - We had t he  b r i e f i ng  on 
t h e  system, on t h e  operation,  we were a l l  s e t  t o  operate 
it. But I th ink  on something l i k e  t h a t  we ought t o  have 
a flow diagram t h a t  we can know what t h e  log ic  i s  and how 
t o  bypass it o r  how t o  f i x  it o r  how t o  diagnose where you 
are .  And we d idn ' t  r e a l l y  get  a flow diagram on t ha t  
before .  That ' s  something you ought t o  know t h e  system 
p r e t t y  good. 

. . . I f  you look back before t he  t e s t ,  t ha t  was t h e  one 
system t h a t  everyone seemed t o  have a very high degree of 
confidence i n .  You knew it was not going t o  f a i l ,  and w? 
were concerned about t h e  experiments, which were s t i l l  
operat ional .  

Well, we d idn ' t  have a high degree of confidence i n  t ha t  
because we'd seen some log ic  g l i t ches  i n  the  BMS before 
going run. And it was t h e  same i n  the' 1-13 i n  t h e  f i r s t  



s i m ;  t h a t  had i ts  log ic  problems, and jus t  a simple micro- 
switch could bomb it out t o  where you can ' t  even use it. 
And i f  we can look a t  t he  s t a t u s  indicators  on it and see 
where t h e  problem i s ,  you know, we l l ,  we can bypass it o r  
go r i g h t  t o  it. I don' t  have - you got anymore i n  t h e  WCS 
and BMS? 

SAWIN It takes t a r g e t  p rac t ice .  

CLARK The human factors  a r e n ' t  qu i t e  r i g h t  on t ha t  s e a t ,  I don' t  
be l ieve .  

MUSGRAVE The hole i s  p r e t t y  smal l ,  on t h e  s e a t .  

CLARK And a l s o  t he  sea t  i t s e l f  is  d i f f i c u l t  t o  clean because of 
t h e  mater ia l  i t ' s  made out o f .  

MUSGRAVE But on t h e  other  hand, t h e  smaller  you get  the  o r i f i c e ,  
t h e  more air flow you're going t o  get d i rected i n  t he  
zero-g environment t o  s t a r t  moving things down where i t ' s  
got t o  go. In  t h i s  case ,  we had gravi ty  helping us. We 
weren ' t dependent upon t h e  a i r  flow. 
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Story,  one final. question on hab i t ab i l i t y .  Did you have 
any need for  any time away from t h e  experiment a c t i v i t y  
f o r  yourse l f ,  exercise  o r  whatever? 

Exercise.  After t he  l a s t  one, we thought t ha t  f o r  7-day 
mission you should not f l ight-plan exercise .  We had 
flight-planned it on t he  f i r s t  one, and we d idn ' t  use it 
f o r  exercise .  But I ' d  say t h a t  you always ought t o  pro- 
v ide  equipment f o r  t h e  person who wants it. No matter 
how shor t  t h e  mission, you ought t o  have exercise equip- 
ment onboard. I personally don ' t  f e e l  t ha t  you ought t o  
f l ight-plan it on a 7-day mission. I th ink ,  when you 
ge t  t o  a 1 4 - d a ~  mission, you ought t o  have it i n  t he  
f l i g h t  plan. That 's  s o r t  of  a fee l ing ,  and Joe Kelwin 
agrees with t h i s .  B i l l ,  you got any comments on t ha t ?  

That ' s  probably t r u e  - 5 t o  7. 

Seven-day mission you don ' t  have t o  f l ight-plan i t ,  but I 
think you always ought t o  have t h e  equipment the re ,  even - 
No m t t e r  how shor t  a mission f o r  the  person t h a t ' s  got 
a f ee l i ng  t o  get on it. Now, I ' m  one t h a t  l i k e s  t o  exer- 
c i s e  an awful l o t .  I n  terms of leisure-time a c t i v i t y ,  I 
l i k e  t o  go back and run th ings  back t he r e .  Get back there  - 
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t h a t ' s  kind of my off-dlliy a c t i v i t y ,  go back m d  run 
something. 

We 'd  be  nrnning something, we'd occasionally have a tape 
recorder going. Occasionally have a tape recorder going 
while we're ea t i ng  o r  something l i k e  t h a t .  Did use t h e  
ca lcu la to rs  f o r  t he  experiments, a t  l e a s t  I used t h e  one 
up t op  qu i te  a b i t .  

Did you say - you say you used t he  tape recorder? 

Yes. 

Did you use t he  blank tapes f o r  recording anything? 

No. 

1 have one more question, those  l i t t l e  t o t e  bags, did you 
br ing  anything i n ?  

Yes. 

Yes. 

Were they usef'ul? 

Yes. 

Yes, t h a t  brings up another th ing .  We kind of grabbed - 
a t  t he  work bench there  we grabbed two drawers, two l i t t l e  
drawers f o r  each crewman. And t h i s  was a recommendation 
I had on t h e  l a s t  sim. A s  you're t r a i n i n g  and ge t t ing  
i n t o  th ings ,  you develop a need f o r  some l i t t l e  items t o  
get  t h e  job done t h a t  a r e n ' t  on the  stowage l i s t .  And 
i t ' s  hsrd t o  go through t h e  stowage mechanism of how are  
we going t o  get  t h i s  th ing  on t he  l i s t .  I th ink  t h e  crew 
needs a - I mean, you know, t h e  drawers are  only l i k e  t h i s ,  
but i t ' s  drawers t h a t  belong t o  t h e  crew tha t  - fo r  those 
pecu l ia r  th ings  they need t o  get the job done - t h a t  they 
c m  go and s t i c k  them i n  t h i s  spacecraft  and t h e y ' l l  
s t ay  there .  We need t h a t  kind of mechanism. Like I had 
2ens and data  pads. 

I had some car  keys I couldn' t  f ind .  

But, as you go along you develop th ings ,  which a re  handy 
t o  you t o  get  t he  job done. And ra ther  than going through 



t h e  mechanism of ge t t ing  it on t he  stowage l i s t ,  i t ' s  
e a s i e r  j u s t  t o  s t i c k  it i n  t he r e .  

1 I 
GOULD ING Did you use your stotrage l i s t ?  

I 

i 
MUSGRAVE I never used t h e  stowage l i s t .  

CLARK We vent  through t h a t  review; we knew where everything was. 
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The lockers  were labeled ex te rna l ly  i n  the  mid-deck area ,  
and t h a t  helped. 

I f  you r e a l l y  have t o  use a stowage l i s t ,  i t ' s  r e a l l y  
going t o  ea t  your time up, because of t he  hundreds of 
th ings  you've got t o  go f ind .  Like w e  covered t h i s  morn- 
ing,  t h e  r e a l l y  good stowage review i s  a h igh-f idel i ty  
stowed one-g mockup where you can go through and p u l l  out 
every drawer and e tch i n  your head. And the  sooner t he  
experiments get  up t o  h igh- f ide l i ty  stowage, even when 
they  ' r e  not i n  the  Spacelab, even when they jus t  got t h e i r  
racks there .  As soon as they poss ibly  can, i f  t h e y ' l l  
s t a r t  pu t t ing  i n  those drawers what goes with t h a t  
experiment, t h a t  ' s when t h e  stowage t r a in ing  begins . I 
guess t h a t ' s  it. Are there  any other  OTR's we haven't 
covered on h a b i t a b i l i t y  and - - 
I th ink  t h e r e ' s  a few here ,  bu t  I ' m  not sure t h a t  the  
r i g h t  personnel are here.  I f  you'd l i k e ,  I ' l l  jus t  run 
down through them; we could use it as a checkl is t  t o  see 
i f  we might have missed anything. Medical monitoring and 
t h e  medical kit. I don' t  th ink  you a l l  use t ha t  too much, 
d id  you? 

MUSGRAVE . . . blood ~ r e s s u r e  and t h a t  s t u f f .  I f  we had someone 
who w a s  s i c k ,  we had an extraordinary capabi l i ty  i n  t he  
experiments. And much more than we ever used. I n  f a c t ,  
t h a t ' s  t h e  point  I was going t o  - I ' l l  make tomorrow. 
And t h a t  i s ,  you r e a l l y  make t h e  b i g  breakthroughs when 
you take  one subject  and you can cor re la te  d i f fe ren t  
parameters. Like, we had t h e  cardiovascular s e t  and we 
could be t ak ing  data  t he r e  bu t  we a l so  could have brought 
t h e  hoses over from your experiment and simultaneously 
have got ten all t h e  cardiovascular s t u f f  and added the  
cardiac  output. Things l i k e  t h a t .  i3ut f o r  anyone who i s  
s i c k ,  t h e  zxperiments had a l o t  more capabi l i ty  than t h e  - 
of  course, and we used t h a t  ins tead  of t he  medical k i t .  
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Bob can address t h a t .  He used a Polaroid.  Are you ta lk-  
i ng  about t he  Polaroid? 

I don' t  know i f  you s t i l l  have it there  with you, but we 
took copies o f f  - took t h e  - t h e  hardcopy device would be 
j u s t  a rod and a Polaroid camera t h a t  we used fo r  X-21 
experiment, and moved it over t o  the  GDP and s e t  it up on 
t h e  GDP and - - 
Did you have any t rouble  s e t t i n g  it up on t h a t  other 
terminal? 

Did I have t rouble  s e t t i n g  it up on there?  No. I took 
t h e  modem and s e t  it on top  of it t o  balance i t .  But 
took one of t h e  day's f l i g h t  plans plus t h e  shopping 
l i s t ,  so  there  were seven photos, and pasted them all 
up and had a neat  l i t t l e  f l i g h t  p lan,  about l i k e  so ,  t ha t  
was all Polaroid.  It took about a t o t a l  of 7 minutes t o  
c a l l  it up on t he  GDP, t ake  t he  photos and paste  it up. 

Of course, we d idn ' t  do t h i s ;  t ha t  could be standard ops 
f o r  OFT t h e  data .  All t h a t  data  we '11 be sending up. 
There's no other  hardcopy r i g h t  now. 

Thermal hardcopies , are  going t o  ea t  your lunch on power, 
and possibly t h i s  is  a good way t o  go. But the  bad par t  
about Polaroid hardcopy i s  we took a l o t  of photos f o r  
our experiment with Polaroid hardcopy, and t he r e ' s  a l o t  
of t r a s h  t h a t  comes out of t he r e .  For t h e  photos t h a t  
we took fo r  our experiment, it took th ree  dry t r a sh  bags 
f o r  t h e  waste from t h a t .  

I guess t he  b a t t l e  we 've already l o s t .  I t h ink  we ought 
t o  have hardcopy Orbi ter  capab i l i ty .  The Skylab, i f  you 
look a t  some days, we send out 20 and 30 f e e t  of t e l e -  
p r i n t e r  pad and now we say we don ' t  need t h a t .  The t e l e -  
p r i n t e r  was - t h a t  w a s  w a y  back h i s t o r i c a l l y ,  t ha t  was 
something t h a t  it wasn't required.  It turned out t o  be 
crew optional  item t h a t  t h e  crew wanted t e l e p r i n t e r .  We 
were asking f o r  it and it was an opt ional  item, you could 
do o r  not do. There was only one s e t  of e lect ronics  fo r  
it because it d idn ' t  matter i f  it f a i l ed .  So t h a t ' s  - but 
y e t ,  we sent  up 20 o r  30 f e e t  a day. Horrendous amount 
of s t u f f  on there .  
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Really depended on t h a t  thing.  

We r e a l l y  depended on t h e  t e l e p r i n t e r  and now we don ' t  
have one. 

On t h e  th ings  t h a t  we copied, we had t h e  f l i g h t  plan up- 
da tes ,  we had t h e  shopping l i s t ,  we had the  changes t o  
procedures, and jus t  on scra,tch-pad notes ,  it had t o  be up 
l inked.  There were some 45 pages t h a t  came up on t h a t .  
So it was exercised qui te  a b i t .  

And we d idn ' t  even change t h e  f l i g h t  plan u n t i l  day 7. 

We sent  qu i te  a b i t  of data  up. 

But you get  i n to  astronomy experiments, and Earth resources 
and those  t h ings ,  t h a t  you can ' t plan i n  advance . You know, 
you've got l i t t l e  changes t o  t h e  o r b i t a l  charac te r i s t i cs ,  
and t he  t imes,  and a l l  t h a t  s t u f f  . I jus t  don ' t th ink  
Polaroid is going t o  hack t h a t  kind of usage. 

Story,  I 'm not sure who's doing it but the re  i s  another 
system they ' r e  looking a t ,  a facsimile uplink system. 

I r e a l l y  th ink  we need it. 

We've been asked i n  l i f e  sciences t o  see what our require- 
ments a re .  

I th ink  w e ' l l  have some by t h e  time we reach the  opera- 
t i o n d l  e ra .  

It would be  nice  fo r  t he  data  t ha t  we look a t  on t he  CDMS, 
t o  be able  t o  hardcopy t h a t .  And t h a t ' s ,  you know, a 
b i r d  i n  t he  hand i s  b e t t e r  than t e n  i n  t h e  bush. And then 
you' ve got da ta ,  hardcopy data.  

I th ink  it would j u s t  be f o r  OFT . . . 
We sent  severa l  types of data.  One time was when you got 
t h e  whole checkl is t  page as a change, t h e  other time was 
when you got t h e  very small Orbi ter  CRT s i z e .  

Number 4 was personal hygiene; we covered t h a t .  Five was 
housekeeping. Six was mid-deck u t i l i t y  . We wandered i n  
and out of those p r e t t y  good. Seven and eight were waste 
management system and t h e  BMS. I guess maybe we ' l l  get 
with Dick l a t e r .  



MUSGRAVE We h i t  then  p r e t t y  hard t h i s  morning. 

CRESS Potable water,  4 ounces. I guess, t h a t ' s  t h e  extent of 
t h a t  one, except f o r  t h e  food. 

MUSGRAVE I n  analyzing t h e  water,  again we put it out over t he  
loop.  And looking a t  the  wastewater we generated, the re  
was very l i t t l e  of t h a t  usage on t ha t  log  because most 
of t h e  time you were pu t t ing  t h e  washcloth i n  there  and 
soaking it up, and you never used t h e  wastewater system. 
Very r a r e ly  d id  you use t h e  flow. You wet something and 
washed with it. And t h a t  water,  o f  course, w i l l  end up 
i n  t he  spacecraf t  ECS o r  t h e  t r a s h ,  e i t h e r  one. 

WESTOVER We had r e a l  high readings. I couldn' t  f igure  t ha t  out .  
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You what? 

Had qui te  a la rge  qu.antity indicated.  

We were ge t t i ng  higher quan t i t i es  than what you indicated 
you were using. 

The flowmeter was lef ' t  on a few times. I s  t h a t  in tegrator  
s t a b l e  enough? 

It could ind ica te  a higher flow than - - 
When we l e f t  t h e  flowmeter on but  weren't  using anything, 
was it s t i l l  t abu la t ing ,  would it s t i l l  - - 
Yes, usually you could t e l l ,  bu t  it  would be a p r e t t y  
steady s t r a i g h t  l i n e  type curve. 

That ' s  a d r i f t ,  r e a l l y ,  on our flowmeter, i s n ' t  it? 

64 l i t e r s .  . . . ur ine ,  water,  . . . PHs. 64 l i t e r s .  

Yes. 

Urine and PHs. 

Right. 

And the  urine would come t o  i n  t he  v i c i n i t y  of what. A t  
l e a s t  4 l i t e r s  a day times 7 i s  28 l i t e r s ;  38 l i t e r s  of 
urine.  About h a l f  and ha l f  I ' d  est imate.  
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What did your flowmeter indicate?  

That was t he  ac tua l  volume t h a t  you measured. 

What did  your f lome- te r  ind ica te?  

We d idn ' t  have it ca l ib ra ted  t h a t  nigh.  

Did the  l i t t l e  personal  hygiene water dispenser d r i p  water 
a l l  the  time? 

No. I never found it leaking.  

Soap dispenser. Did it leak anymore? 

Yes, it d i d  on a recharge. Chuck found it leaking strong.  
When it recharged, it leaked again. 

It spurted out .  It was jus t  f o r  a shor t  while,  not with 
l a r g e  volume. 

I guess t ha t  valve was pressure-dependent. 

S t i l l  f e e l  t h a t  ba r  soap i s  b e t t e r ?  

Yes. 

I don ' t  know about t h a t .  It would be nice t o  have as a 
backup. 

You could have a hand dispenser,  you know, l i k e  a'mustard 
b o t t l e .  

Seems t o  me you're j u s t  asking f o r  t roub le ,  though. That 
system r i g h t  t h e r e  has a po t en t i a l  of fouling up t he  sys- 
tem l i k e  it d id  on day 2 .  

That could be r e a l l y  catas t rophic .  

. . . One of t h e  reasons f o r  t h e  t e s t  was t o  check t o  
see what t h e  centr i fuge could handle and i f  t he  soap was 
an impact was one th ing  we wanted t o  f i nd  out .  Apparently 
it d idn ' t  because we operated a l l  t h e  way through t he  t e s t  
without any problem with t h e  separator .  

How much soap d id  you e s t i na t e  got i n  t h a t  system? 

104 



WESTOVER Quite  a b i t  t h a t  one day. 

CLARK What ? 

SPEAKER That one day &en Chuck saw it coming out .  It could have 
been qui te  a l o t .  

CLARK The f i r s t  day when we t o r e  t he  . . . I got qu i t e  a b i t  
of soap out of t h e  l i n e  when we took t h a t  l i n e  o f f .  

CRESS That one on t r a i n i n g  flow but you h i t  t h a t  t h i s  morning. 

MUSGRAVE Coordination was outstanding. I 've got a t a l l y  of how 
many t o t a l  hours we got .  There was a s h ~ r t a g e  of what I 
c a l l  mission t r a i n i n g  where you are  i n  the re  running every- 
th ing.  It was r e a l l y  w i l d .  When we f i r s t  got i n t o  the  
racks themselves, t he r e  was a whole bunch of people and 
t he  in tegra t ion  process was s t i l l  going on. The equip- 
ment wasn't working. When we got i n  t he  l a b  i t s e l f ,  
the re  was a whole bunch of in tegra t ion  s t i l l  going on 
but  t h e  t i g h t  schedule, we d idn ' t  want t o  kick anybody 
out.  So we kept going. And I f e l t  t h a t  on launch day 
we had a shortage of mission-type t r a in ing ;  we only had 
2 days, t he  2 days of in tegra ted  sims. On the  other  hand, 
you look a t  performance - you guys a re  b e t t e r  evaluators 
of t h a t  than we a re .  But, from day 1, we sure  zipped 
through t h a t  s t u f f ,  so  yau've got t o  say t h a t  we were 
ready. We had enough. So t h e  approach and t h e  process 
worked. I f  we were f ly ing  a l e a l  mission, I would want 
t o  get  more i n  terms of t h e  systems t r a i n i n g  and a l i t t l e  
more depth, espec ia l ly  t a lk ing  t o  the  computer programs 
.%d tha t  s o r t  of th ing .  It a l l  worked fo r  us and we had 
good support from t h e  ground. But there  are  areas t h a t  
I ' d  l i ked  t o  have gotten a l i t t l e  more. 

CRESS We would have l i ked  t o  have a l i t t l e  more systems t ra in ing  
ourselves because we j u s t ,  thank the  science room and the 
PI 'S ,  i f  you had t h e  r i g h t  individual  there  a t  the  r igh t  
time. When you had a problem, then we could cope with. 
But we had a log of single-point f a i l u r e s  on t h e  ground 
as f a r  as knowing t h e  systems. We jus t  d idn ' t  have too 
many problems. 

SPEAKER How many hours you f igure  you ac tua l ly  t ra ined?  

MUSGRAVE I ' v e  got t o  do the  dog work and go back, and I 've got 
another green book, got t h a t  green book, but  I ' v e  got 
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another one t h a t ' s  got each experiment and how many hours 
and each type of t r a i n i n g  i s  i n  it. I t a l l i e d  it a l l  f o r  
t he  l a s t  one and it would take me weeks t o  get it out f c r  
t h i s  one. I t ' s  one t h i n g  when you are  scheduled t o  get  
t h e  t r a in ing ,  but you get  a l o t  of t r a i n i n g  t h a t  i s n ' t  
scheduled. You s t ay  l a t e  o r  you leave ea r ly .  O r  you come 
i n  on a given day and you get  f in ished with something ear ly  
and then you jump over and jo in  some other  PI t h a t ' s  the re  
working on h i s  payload and you t r a i n  with him awhile. As 
j u s t  a rough hack f o r  now, I s t i l l  th ink t h a t  f o r  t h i s  
type of mission t h a t  350 hours on payload i s  a reasonable 
t ime. 300 t o  350 hours of - t h a t  ' s e-qosure time. It ' s 
not  homework, i t ' s  not anything e l s e ,  i t ' s  jus t  p la in  
exposure time t o  those  experiments. For l i k e  the  payload 
s p e c i a l i s t  and t h e  mission s p e c i a l i s t .  

Had one on the  rad ia t ion  monitoring, but I don' t  know t h a t  
we did  anything except monitor t h e  readouts the re .  

The readouts t h a t  were used i n  t h e  t e s t  were Gemini 
monitors. I th ink  t h a t  we've ought t o  have something a 
l i t t l e  more s t a t e  of t h e  art than t ha t  these  days. It 
should be looked i n t o  fo r  t he  next t e s t  f o r  a t o t a l  
rad ia t ion  monitoring system, a por table  monitoring system, 
espec ia l ly  i t ' s  goi.ng t o  have t o  be required i f  you're 
going t o  use l i q u i d  isotopes onboard. I th ink  t h e  whole 
rad ia t ion  aspects of a v a i l a b i l i t y  of radiation-monitoring 
equipment has t o  be looked i n t o  f o r  any future  t e s t s ,  
e spec ia l ly  l i f e  sciences t e s t s  t ha t  po ten t ia l ly  involve 
isotopes .  

Two more f l i g h t  plan concepts which we covered t h i s  morn- 
ing,  and food system which we covered. And we 've got one 
carryon concepts. I ' m  not sure which one i s  a carryon. 
Did we do t h a t ?  

MANGOLD That was on t h e  cardiovascular.  

ALEXANDER I wish t h a t  B i l l  were here;  i t ' s  R i l l  Hu f f s t e t l e r ' s  OTR. 
But he  and I t a lked  several  times during t he  mission about 
t h e  f ac t  t ha t  we launch with empty racks,  especia l ly  up i n  
t h e  oblique par t  of t h e  BUD racks.  And it looked t o  us 
l i k e  t h a t  i f  we had loaded 20 more experiments onboard 
t h a t  required very l i t t l e  o r  no crew time ear ly  i n  t he  
mission but would be there  f o r  you t o  use when you got 
i n t o  a s i t ua t i on  l i k e  we did  l a t e  i n  t h i s  one, t h a t  t h a t  
would have been a good t h ing  fo r  us t o  have done. The 
only th ing  we could f igure  t h a t  would b i t e  us the re  i s  
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t h a t  when we get back t o  t he  ground someone would say that  
we didn ' t  accomplish our object ives  i f  we d idn ' t  run a l l  
of them completely. Bi i t  I t h ink  t h a t  we could 1egfslat.e 
t h a t  i n  before we s t a r t .  

Youfve got t o  look a t  t h e  o ther  cons t ra in t s ,  of were we 
over gross . You know, when you add the  p a l l e t  and t h e  CRL 
and all our s t u f f ,  we're probably over gross. So you'd 
have t o  look a t  weight cons t ra in t s  and power cons t ra in t s ,  
you know, whatever e l s e .  Obviously there  was plenty  of 
space lef't over. But t h a t  's a decent data  po in t ,  more 
space l e f t  over. 

How much does t h a t  Spacelab weigh? You have any idea? 
I wonder i f  anybody has t he  weight. 

You know we ta lked  about t h i s  t h i s  morning, t'ne p o s s i b i l i t y  
of t ak ing  them out and weighing them. 

You know, you've got up t o  32 000 pounds, and t h a t  includes 
f i ve .  

Shut t l e  - basic  Shu t t l e  weight. Our concept i s  f i v e  . . . 
You've got t h a t  configuration capab i l i ty ,  i t ' s  jus t  - 
t h e  weight might be marginal. And the  c.g. . . . 
That 's  r i g h t .  You've got t h e  configuration versus t he  
c .g .  

I f  you ever flew anything l i k e  t h i s ,  you probably wouldn't 
have a power problem even though from an e f f ic iency  point 
o f  view you'd probably want t o  run one s h i f t .  It may be 
other  cons t ra in t s  t h a t  d i c t a t e  t h a t  we'd have t o  run two, 
i f  we flew something s imi l a r  t o  t h i s .  

You got t o  run two s h i f t s  with seven people. Anytime you 
f i l l  up t he  bunks t h a t  a re  ava i lab le ,  you're going t o  two 
s h i f t s  by def in i t ion .  

How would you th ink  about sleeping i n  a bunk t h a t  a guy 
had jus t  s l e p t  i n .  

We did  it f o r  a week ( laughte r )  . 
For a l i f e  sciences mission, I ' d  run seven people s ing le  
s h i f t  too.  Take a s leeping bag and hang it out i n  t h e  
Spacelab. Hang it anywhere. As a biological  subject  , 



GOULDING 

MUS GRAVE 

FERGUSON 

MUSGRAVE 

rnGUSON 

MUSGRAVE 

MUS GRAVE 

some guy who's had t o  s h i r t  h i s  circadian rhythm on launch 
day, then he goes through t h a t  two-shift envirorment , 
he ' s a lousy subject  . 
You'd vote against  a two-shift operation.  

Especia l ly  fo r  l i f e  sc iences ,  when t he r e ' s  animals, 
p l a n t s ,  and everything e l s e .  They can ' t  be s tudied 24 
hours a day. They need a break. They've got t o  have a 
day-night cycle and a l l  t h a t .  

Story,  you were usually ahead of t h e  time l i n e .  I n  f a c t ,  
we did read jus t  the  time l i n e  every day r e a l  time. Did 
it bother you, or  did you pre fe r  being ahead, or  you 
dich'i; l i k e  t h e  time l i n e  where it would have been every- 
t h ing  was move densely scheduled. 

Changing t h e  time l i n e s ?  You were changing t he  time l i n e s ?  

No. Real t ime. Had yo11 pre fe r red  t he  ground give you 
a time l i n e  every day. Very densely scheduled. 

I ' d  much r a the r  be a h e d .  If you're behind, you can ' t  
exerc i se  real-time f l i g h t  planning. The only th ing  you 
can do i s  moTre on t o  t h e  next th ing .  When you a re  ahead, 
you can say,  I am ahead of what 's  being asked, I can 
s t i z k  t h i s  o ther  t h ing  i n  t he r e .  My recommendation out 
of  t h e  f i r s t  one, you've got t o  be ahead t o  r e a l l y  exer- 
c i s e  real-time f l i g h t  planning. And I t'nink t ha t  one 
t h i n g  t h a t  r e a l l y  allowed us t o  be t h a t  e f f i c i e n t  was t o  
juggle th ings  . 
We had - you got up ea r ly ,  you had, you had several  pads, 
and e a t  periods fo r  pads housekeeping . . . I jus t  want 
t o  know i f  you'd l i k e  t o  have more pad i n  t he  f l i g h t  plan 
t h a t  you launch with.  

No. There was t oo  much, ac tua l ly .  There were some things 
t h a t  people wanted t o  get  and you couldn' t  give them on 

- t h e  f l i g h t  p lan,  and it would've been nice t o  be r e a l i s t i c  
and say you're going t o  get  t h i s .  But l i k e  t he  cardio- 
vascular  was, we were - Right up t o  in tegrated sims, we 
were s t i l l  developing. We never had a chance t o  run t h a t  
where we developed all t h e  methods. So it was taking 
t ime. And it would have been nice  t o  kept everything on 
it t h a t  people were asking fo r .  It would have been nice 
t o  be a l i t t l e  more r e a l i s t i c .  But it wasn't u n t i l  t h e  
f i r s t  day of in tegra ted  sims t h a t  we were there  on most 
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experiments. Some were being run a l l  up fo r  t h e  f i r s t  
t ime.  It i s  nice  t o  be  r e a l i s t i c ,  but  I th ink  i f  you 
can, you can s tay  ahead t o  do t h e  real-time f l i g h t  
planning. And some people a r e n ' t  goirig t o  want t o  cheat 
on s l eep  and ea t ing .  Some people need 8 hours and they 
a r e  going t o  want it, and t h e i r  performance i s  going t o  
f a l l  i f  they don' t  get  it. We r e a l l y  f e l t  bad t ha t  f i r s t  
h a l f  an hour. You f e l t  bad, Chuck? It was jus t  horren- 
dous. Around t h e  4th  o r  5 th  day when you woke up and got 
up, man, it was r e a l l y  bad. But it only took a'oout a 
ha.Lf hour o r  hour t o  r e a l l y  get  running and fee l ing  super.  
I don't know how we got turned around so f a s t .  

Bob ' s  cooking ( laughter)  . 
I t ' s  kind of bleak t o  get up Q i r s t  th ing  i n  the  morning 
t o  go out and s tand nude i n  f ront  of four cameras ( l augh te r ) .  

But a t  l e a s t  he was up and running and - - 
S i t  on a cold s ca l e  ( l aughte r ) .  No amenities. 

You had t o  get up ea r ly  on those  days, 2 m d  4 .  When 
you ' re  running t he  stereometric and when you're running 
t h e  cardiac output,  and t h a t  dash 11 - t h a t ' s  because we 
d idn ' t  have p a r a l l e l  t r a in ing .  It tu rns  out t ha t  the re  
were severa l  times t h a t  one individual ,  i n  t h a t  case,  
qyse l f ,  would be t h e  d r iver .  The day i s n ' t  r e a l l y  going 
t o  get  underway u n t i l  t ha t  guy gets  done what he ' s  got 
t o  do. I f  we had the  luxu-y of r e a l l y  p a r a l l e l  t r a in ing ,  
and having Chuck load some ro tors  two would be processing, 
plus we c o u d  have worked around t h a t  a l i t t l e  b i t .  That ' s 
onboard f l i g h t  planning, ge t t i ng  s t a r t e d  ea r ly  on something. 

We probably ought t o  t a l k  about t h e  a f t  f l i g h t  deck opera- 
t i o n s  some. 

The main complaint t h a t  I ' v e  got up there  was the  wr i t ing  
surface ,  which somebody mentioned has been taken care o f .  
There i s  a de f in i t e  need f o r  stowage up there  fo r  experi- 
ments. As I understand i t ,  t h e  a rea  where t he  power dis- 
t r i b u t i o n  boxes on t h i s  sim were located,  the re  i s  some 
area  t he r e  t h a t  Is avai lable  f o r  stowage. But it i s  highly 
des i rab le  t o  have some area  there  t h a t  you can use f o r  
stowage of equipment associa ted with your experiment. 
Lighting i n  t h e  a r t  f l i g h t  deck; t he r e  were f ive  l i g h t s  
i n  the re  bu t ,  from t h e  l i g h t  l eve l s  they give out ,  you 
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could only use one of them t o  get  t he  basel ine  l i g h t  l e v e l  0 
as it i s  i n  Shut t l e .  Our experiment, with the  types of 
controls  and displays t h a t  we used, I never even had t h a t  
l i g h t  on. There was plenty of l i g h t  coming from t,he high 
bay area .  So t h a t  would be  necessary t o  have t h a t  one 
l i g h t  and it was t o t a l l y  adequate fo r  our experiment. For 
other  types of experiments, I ' m  not so sure  they 'd  be 
s u f f i c i e n t .  I can ' t  th ink  of anything e l s e  up there .  

Need any more handholds going up t h e  ladder? 

No. That ' s probably one-g problem. 

Oh, it i s ,  f o r t h i s  f a c i l i t y .  

You may a l so  need something t o  grab on t o  even i n  zero-g's 
as  you come through, but  I ' m  not fami l ia r  with t h a t .  

We turned D r .  Kerwin on t o  t h a t  th ing.  A t  l e a s t  have him 
put h i s  zero-g experience t o  t ake  a look a t  t h a t  as he 
goes out t o  Rockwell t h i s  week. That 's  a t raverse  you're 
sure  going t o  make an awf'ul l o t  of times i s  through t h e  
iriterdeck access.  So we put him on t o  t h a t  t o  take a look 
a t  t h a t .  

M a y  not make t h a t  t r averse  as much as  we think,  you 
know. . . . 
They a re  going t o  be working i n  t h e  Spacelab ha l f  the  
time . 
Well, t h e  one-g problem of ge t t ing  up and down t h e  s teps ,  
I th ink ,  is  jus t  a question of ge t t i ng  used t o .  I t ' s  got 
t o  be a decent t r i p  where you d idn ' t  have any problem 
ge t t i ng  up and down. 

For our one-g f a c i l i t y ,  would you recommend any mods o r  
no t?  

No. I th ink  it was good. The pos i t ion  of t ha t  handrai l  
t h a t  was put i n  the re  a t  t h e  l a s t  minute was jus t  r i gh t .  

Did have any problem making noise going up it where - 
i n su l a t e  t h a t  th ing  o r  put rubber around t he  ladder o r  
something l i k e  t h a t .  

Didn't no t ice  any problem with noise l eve l .  



MUSGRAVE You ought t o  have a cur ta in  you can put across it. 

CLARK That ' s  a good point .  To cut out the  l i g h t  from - - 
MUSGRAVE To cut out t h e  l i g h t  and a l so  t h e  air-to-ground trans- 

missions and other  noises coming from up there .  

CLARK Both hatches are open on t h e  Orbi ter  configuration.  But 
one of them was closed up f o r  t h i s  t e s t ,  primarily because 
of  s a f e ty  i n  operating over the re  on t h e  payload s p e c i a l i s t  
s t a t i o n .  Several times before t h a t  was closed up, it got - r a t h e r  scary of th ings  f a l l i n g  through t he  hatch and things 
l i k e  t h a t  with people working down below the re .  For use 
i n  t h i s  simulator,  I ' d  recommend it stay closed up i f  you 
could get  by with it. This one-g, you have a r e a l  poten- 
tial. Things have dropped through there .  For example, 
one of t h e  handy t a lk i e s  f e l l  through there  one day, missed 
a guy down below by about 2 f e e t .  It ought t o  s t a y  closed 
up f o r  one-g. 

MUSGRAVE An occasional wet trashbag dropped down ( laughte r ) .  

SAWIN 1 want t o  discuss t h a t  use of t he  a f t  f l i g h t  deck, t he  
outhouse concept. 

CLARK Yes, t he  outhouse concept. Privacy i n  t he  a f t  f l i g h t  
deck was used. 

MUSGRAVE Open the  l i d  and h i t  it from r i g h t  up t he r e .  

SPEAKER Bob, . . . 
CLARK You've got enough a i r  up t he r e  as long as you don't use 

it f o r  t h e  outhouse concept ( l aughte r )  . There i s  enough 
a i r  up t he r e .  The problem i n i t i a l l y  was just  t h e  tem- 
perature  i n  t h e  high-bay, I th ink.  With t h a t  blower 

* t h a t ' s  back t he r e  behind t h e  payload s p e c i a l i s t  s t a t i o n  
it seemed t o  keep t h e  equipment cool enough. Without 
t h a t  blower back t h e r e ,  it  was bui lding up heat  p r e t t y  - bad t he r e  when we f i r s t  put our gear i n .  

SP-R . . . moving t h e  a i r  out i n  t h e  mid-deck. 

CLARK The mid-deck seemed comfortable. Except on the next one, 
s ince  t h e  Orbi ter  does have vents t h a t  go i n to  the  bunk 
a reas ,  you might want t o  consider t h a t  f o r  the  next t e s t .  
It got a l i t t l e  s t u f f y  i n  the re  a l l  closed up i n  t he  
cur ta ins  . 
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Did you all have a need fo r  use of your f l a sh l i gh t  i n  
t he r e?  

Yes. Check t h e  depth of t h e  remaining stowage i n  t h e  
WTS ( laughte r )  . 
Did you have any poss ible  reason while you were i n  your 
bunk fo r  t h e  f l a s h l i g h t .  

I n  t h e  bunk? 

Yes. 

No. But occasional ly ,  looking back i n  t he  racks up i n  
Spacelab . 
What f l a sh l i gh t  d id  you have there?  

Used t h a t  l i t t l e  penci l  f l a sh l i gh t .  

Used t h e  penl ight .  

The penl ight ,  carrying t h a t  around when t h e  other  two 
guys a re  s leeping so  you can see and f ind  yourself  a 
cup of coffee o r  something l i k e  t h a t  was r e a l  handy. 

J u s t  had one of them? 

Pardon? 

Did each of you have one? 

No, we didn ' t each have one . 
Got t o  t e l l  R i t a  t h e  c l a s s i c  s to ry .  Bob, on about day 5 ,  
walks out and he says ,  we l l ,  we've got a r e a l  problem. 
We got a coffee shortage.  Ju s t  inventoried t h e  pantry,  
we down t o  15.  And he says , guess I '11 go back and make 
some coffee ( l augh te r ) .  So we're a l l  wired up and can ' t  
move ( laughte r )  . There ' s another th ing  i n  t he r e ,  I - 
doctored up one of t h e  shopping l i s t  t h a t  came up on t h e  
GDP. Ben sent  up t h e  shopping l i s t  f o r  day 6 and, using 
GDP, you can add things  on there  and you never can t e l l  
t h e  di f ference of  whether it came from the  ground or  not .  
So, I put Story on fo r  an e x t r a  9-C and f o r  running of 
ves t ibu la r  f b c t i o n  and a l so  fo r  doing a sampling fo r  t he  
chromatogra9hy , t h e  wet t r a s h  stowage ( laughte r ) ,  and he 
thought it was real. ( l aughte r ) .  
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MUSGRAVE It was dl reasonable. I thought it was r e a l .  

SAWIN He's reading them a l l  back down t o  Carter  - - 
MUSGRAVE . . . f o r  Car ter  t o  work out when we're going t o  do d l  

t h i s .  Carter  must have thought I was out of niy head. 

CLARK Another th ing ,  too .  I th ink  some of you guys thought t ha t  
we must have had a rad io  onboard o r  somebody was feeding 
information t o  us f o r  me giving t h e  da i ly  weather fore- 
c a s t  f o r  Houston as we passed over. Actually,  xhat it 
was, t he r e ' s  a pressure sensor on our payload back there  
and I was taking t h e  pressure changes and coming up with 
a weather fo recas t .  

Are there  any plans f o r  t h e  fu ture  f o r  adding on t he  a f t  
f l i g h t  deck? Like adding a f ron t  end t o  it. 

No plans.  J u s t  all depends on what's corning up i n  the  
fu ture .  

I f  you've got some requirements, t ransmit  them. 

No, I th ink ,  I was jus t  wondering . . . 
For our experiment operations,  Story addressed t h i s  
e a r l i e r ,  it would have been ertrenlely advantageous for  
purposes of implementing our experiment t o  be able t o  
have a p i l o t  and commander onboard t o  do a l o t  of t h e  
functions t h a t  these  guys had t o  do. The p i l o t  and 
commander being on t h e  f l i g h t  deck would be the  log ica l  
ones t o  do t h e  monitoring f'unctions, t he  SAA's, and t he  
other  th ings .  My recommendat ion would be as it ' s been i n  
t h e  past  on t h e  other  sims, t o  have a commander and p i l o t  
involved. 

SPROSS I th ink ,  as t h i s  f a c i l i t y  evolves, things l i k e  t h i s  w i l l  
come up; we ' l l  get  more people involved i n  t h e  f a c i l i t y  
i n  these  type t e s t s .  I can envision us doing something 
l i k e  t h a t .  

SPEAKER Another th ing  t h a t  happened, it occurs t o  me i s  t he  camera 
controls .  It ' s  our system here .  

CRESS You get  enough Orbi ter  systems, it would increase t he  
f i d e l i t y  fo r  t h a t  aspect .  O f  course, t h a t  would cost  
money. 
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We can s t a r t  wi th  j u s t  paper planning. Say the  CDR, give 
him 100 percent of t h e  Orbi ter  l i k e  we s t a r t e d  out .  And 
have t h e  PLT more involved with what 's  going on with the  
CRL and the  Spacelab. J u s t  paper plan one of t h e  crewmen. 
You ju s t  can ' t  get  people t o  perform r igh t  i f  they are  
j u s t  s i t t i n g  t he r e  f o r  4 hours saying, I'm doing Orbi ter  
fbnctions but  I ' m  not going t o  do anything . . . 
I th ink  t h a t ' s  more o r  l e s s  going t o  be up t o  t h e  FOD sim 
people. . . . Those th ings  are  r e a l  easy t o  implement 
because you can j u s t  put  a fake switch out the re  t h a t  
t u rn s  t h e  l i g h t  on a sim guy's console and he can make t h e  
system respond, o r  something l i k e  t h a t .  I th ink  it would 
be manual-type t h ings .  

Yes, but  t h e  motivation is  r e a l l y  lacking when you got a 
dead machine where t h e r e ' s  no feedback. 

There's c e r t a i n  th ings  than can be done by . . . There's 
c e r t a i n  management of t h e  comm Rulctions onboard, t h e  
data-handling f'unctions, the  onboard computer, TV system. 
The corn system fo r  Shut t l e  i s  a f a i r l y  complex system 
and t h a t  has t o  be managed t o  some extent .  The only 
t h i n g  we ' l l  do on t h e  ground, I th ink ,  is dump tape re- 
corders and th ings  l i k e  t h a t .  

Even though t h a t  would be a normal operation,  i f  we have 
t h e  capab i l i ty  t o  use an onboard recorder fo r  taping and 
dumping, TV manipulation, things of t h a t  nature .  Those 
could s tack up t o  a t a sk  f o r  t he  t e s t .  Even though some 
of  t h a t  would be  done by t h e  ground, but  f o r  t h i s  purpose, 
it would be - - 
For ce r t a in  purposes, we assmed t h a t  t h e  FR-2000's were 
onboard recorders and we had a man the re  t o  operate them. 

We had DR s t a t u s  on t h i s  agenda, but  t h a t ' s  going t o  be 
covered . . . tomorrow. That 's  a l l  t he  agenda items t h a t  
a r e  . . . 
We covered an awful l o t  of t r a in ing  and ops t h i s  mrn ing  - 
In tegra t ion  t h i s  morning. Most of t h e  DE managers were 
here  f o r  t h a t .  You got any more on f a c i l i t y ?  

There's probably a l o t  of th ings  I'd l i k e  t o  see  done t o  
t h e  f a c i l i t y  t o  increase  t h e  f i d e l i t y ,  both the  mockup 
and t he  ground system. I th ink  t h a t ' s  jus t  a matter of 
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time and evolution and money t o  get  those s o r t  of th ings  
done. J u s t  increase  t h e  f i d e l i t y  of the  whole f a c i l i t y .  
Corn system, TV, data  system, get  us some telemetry on 
t h e  Orb i te r  systems. 

The question came up t h i s  morning about do we see  any 
point  i n  keeping system p a r t  of t h e  f a c i l i t y  configured 
t h e  way it is  now f o r  some possible  mini sims, and I th ink  
t h e  w a y  t h a t  was answered t h i s  morning was, yes ,  we got a 
few systems things  going, bu t  t h e  question i s  t he r e  any 
need t o  get  o ther  cps teams i n  there  and get  o ther  evalua- 
t i o n  of t h a t  ops from t h e  aspect of it. That would come 
from you all, not from us .  I f  you all had a des i re  t o  - 
i f  you want t o  look a t  it some more. 

You were pu t t ing  a schedule toge ther ,  I understand; long- 
range use of t h a t  f a c i l i t y .  I s  the re  any - - 

. A l l  I ' ve  got r i g h t  now i s  what's on t h e  RTOP. 

I wondered what t h e  plans a r e  fo r  t e s t  111. When . . . 
We've been td lk ing  with Ames about t h a t ,  but r i gh t  nov 
all we know i s  anywhere from 6 months t o  a year from now. 
Somewhere i n  t h a t  range. 

If i t ' s  a t  l e a s t  6 months, what's the  hurry t o  get  it . . . 
I th ink  t h a t  ' s  one of t h e  problems i n  anything - we ' re  
t a l k ing  about one-of-a-kind gear . . . The PI 'S  want it 
back i n  t h e i r  l ab .  

We '11 answer t h a t  tomorrow. Don ' t worry about it. 

I guess unless anybody e l s e  has any more questions,  . . . 



SCIENCE MPERIIWTS DEBRIEFING 

ALEXANDER We're going t o  s t a r t  t he  science debrief a t  t h i s  time. 
The schedule we're going t o  go by i s  X-1 through X-20 and 
then reconvene a t  1 o'clock t o  do X-21. This was a l a t e  
change i n  our th inking and i n  our scheduling t o  accommodate 
some meetings t h a t  our divis ion s t a f f  i s  required t o  be i n ,  
and a l s o  because the  X-21 people had some other  commitments 
t h i s  morning and they e i t h e r  wanted t o  go ear ly  o r  go a t  
1 o'clock,  and I ce r t a in ly  agree with t h a t .  So i f  we com- 
p l e t e  our l i f e  sciences work by noon today, we $11 jus t  
reconvene a t  1: 00; i f  no t ,  I th ink  we' d b e t t e r  go ahead and 
do t h e  X-21 a t  1 o'clock and then pick up where we l e f t  off  
on any of t he  l i f e  sciences experiments. I see  no reason 
but  t o  go s t r a i g h t  i n  order s t a r t i n g  a t  the  top  with X-1 
and proceed on. We should be able  t o  f in i sh  t h i s  by noon. 
I f  we do *hat, t h a t  means we c m  spend approximately 20 
minutes on t h e  average with each experiment with t h e  
break somewhere around 10:15 t o  10:30. Story,  you guys, 
and Chuck, Bob, proceeded yesterday with t h e  other  aspects 
o f  t h e  debr ief ;  I think t h a t ' s  t h e  way we'd t o  do it today. 
We'l l  jus t  s t a r t  with t h e  announced experiment and you 
guys s t a r t  t a lk ing .  I have no objection t o  t a lk ing  about 
t h e  cardiovascular block i n  t o t o ,  i f  you want t o  do it 
t h a t  way, s ince  it was run p r e t t y  much as one large  
experiment. 

Okay, I think t o  s t a r t  o f f  w e ' l l  get  done by noon because 
t h e r e  i s n ' t  t h a t  much. I t ' s  a c red i t  t o  a l l  of you t h a t  . . . t h a t  much. We could run i n  t he  Spacelab r igh t  now 
today and everything looks per fem t o  gather r e a l  data. 
In  o ther  words, we didn ' t  have an even near catas t rophic  
f a i l u r e  i n  any experiment. You know what t h e  performance 
was; you got t h e  computer pr intout  of what got done and 
it j u s t  went - from r igh t  day 1, it went jus t  as  s l i c k  
a s  a whis t le .  Nothing broke; everything got run as many 
t imes as  it was supposed t o  and many times more. It ' s 
a r e a l  c red i t  t o  t he  type of hardware you provided us 
wi th ,  t h e  type of procedures you gave us,  and t h e  integra- 
t i o n  of the  payload i n t o  t he  Spacelab. This th ing  r e a l l y  
could have flown. I th ink  t h a t ' s  a summary. You know 
what w a s  accomplished and t h a t  s t u f f  i s  running today. 
The whole t h ing  was beau t i fu l .  That r e a l l y  stands f o r  



every s i n g l e  experiment. In  f a c t ,  i t ' s  astounding t h a t  
you can t ake  hardware t h a t  i s  t h a t  complex. Now we had 
a good payload t h e  f i r s t  s i m  bu t  I th ink  one of t h e  b i g  
charac te r i za t ions  which make t h i s  one d i f fe ren t  i s  t h e  
complexity of t h e  hardware. Even i f  you look a t  t h e  t o t a l  
medical package on Skylab, t h e  complexity of t h i s  hardware 
i s  2 o r  3 t i m e s  more complex, more f l e x i b l e ,  and more 
capable than  t h e  t o t a l  medical package on Skylab. And 
every s i n g l e  b i t  of it worked. 

DELUCA Before we go much f u r t h e r ,  t h e  quest ion came up yesterday 
about t h e  CDMS c a p a b i l i t i e s  i n  terms of recording. I'd 
l i k e  t o  point  out t h a t  t h e  CDMS mass memory stowage at 
t h i s  - a t  t h i s  time i s  a "read only;" it only ccnta ins  t h e  
programs t o  c a l l  out t o  do th ings  with. We have no on- 
board recording and stowage c a p a b i l i t y  f o r  r e t u r n  planned. 

MUSGRAVE So, i t ' s  e i t h e r  t h e  experiment o r  telemetry.  Storage on 
t h e  grqund. 

DELUCA T h a t ' s  r i g h t .  Now t h e r e ' s  a movement when you t r y  t o  get  
it t o  w r i t e .  But I don' t  know whether t h a t ' s  going t o  
f l o a t .  

MUSGRAVE My guess i s  most experiments w i l l  probably have t h e i r  own 
onboard s to rage  capab i l i ty ,  but l i k e  we did  t h i s  time 
have a p a r a l l e l  output t o  t h e  ground so  t h a t  they can see  
what 's  going on on t h e  ground, That i s  a general  philo-  
sophical  quest ion.  We had been going toward onboard s torage  
only. I t ' s  . . . i n  t h e  last couple of years ,  but  t h i s  
one t h e r e  was an i n t e r e s t  i n  having a c e n t r a l  da ta  stream 
s o  many of  you went t o  t h a t  as well .  But you can see  
how much you helped us out on t h e  ground being able  t o  
s e e  what we were doing; not only t h e  TV but  a l s o  t h e  d a t a  
output t o  t h e  ground, e s h e c i a l l y  when you have q u a l i t a t i v e  
aspects  of t h e  data  - i s  t h e  da ta  s a t i s f a c t o r y .  You 
could he lp  us out i f  we weren' t  g e t t i n g  it a l l  o r  i f  
something wasn't  q u i t e  good enough. So t h e r e ' s  no doubt 
t h a t  on t h e  ground you can he lp  us an awful l o t  by looking 
at t h e  da ta  down the re .  

DELUCA You brought up something e l s e  yesterday f o r  t h e  next s i m  
about more hardware-type problems. Those can be b e t t e r  
s imulated if you a n t i c i p a t e  from hardware some telemetry 
f o r  h e a l t h  and s t a t u s  and a l l  t h a t  kind of s t u f f .  I f  we 
can do something about t h a t  i n  t h e  fu tu re ,  we would be 
ab le  t o  handle more - have a b e t t e r  i n t e r f a c e  f o r  sims 



than t o  in t roduce problems t h a t  cause you t o  t a k e  some 
o t h e r  ac t ions .  

MUSGRAVE Yes, you could have - s i m s  do have - you could have a per- 
iod  i n  t h e  evening o r  whenever, mid-morning, e a r l y  morning, 
l i k e  2:00 o r  3:00 when we ge t  out of t h e  Spacelab and i t ' s  
h i s .  And he could come i n  and put i n  minor physica l  prob- 
l e m s  wi th  approval of P I ' S  and t h a t  kind of th ing .  We 
s u r e  did-q't t h i n k  we needed it. The l a s t  s i m  we had 
p len ty  of malfs t o  work and t h i s  time t e c h n i c a l  malfs ,  
t h e r e  j u s t  weren' t  enough. And t h e  ones t h a t  we d id  have, 
w e  sho t  them down - we r e a l l y  t o r e  them up i n  about 5 
minutes and we got  running again. 

DELUCA I t h i n k  another t h i n g  with respect  t o  technical- type malfs 
i s  we d i d n ' t  culminate u n t i l  r a t h e r  l a t e  i n  t h e  game and 
t h e n  t h e  s i m  world usual ly  precedes even t h e  opera t ional  
world i n  terms of  planning malfs ,  It takes  a long time 
t o  a r r i v e '  a t  t h e  kind of th ings  you want t o  do t echn ica l ly  
because you j u s t  can drown something t e r r i b l e  i f  - - 

MUSGRAVE No one took t h e  need se r ious ly .  We looked a t  t h e  l a s t  of 
t h e  h i s t o r y  and t h e  need wasn't  the re .  So it turned out 
t o  b e  . . . Espec ia l ly  we want t o  hea r  from everyone i n  
t h e  room; w e  don ' t  want t o  dominate t h e  discussion he re ,  
so  anybody t h a t ' s  got any points  on t h e i r  experiments 
i n  genera l ,  ask quest ions o r  go ahead and say it. 

MERRITT One t h i n g  on malfs .  . . . 
SAWIN You have a read head but  you don ' t  have read produce FM 

modules f o r  every channel, s o  t h a t ' s  your problem. 

SAWIN I n  terms of hardware f o r  t h e  cardiovascular  s e r i e s ,  you 
know they  were a l i t t l e  b i t  pressed j u s t  as  a l l  of us were 

- 
t o  get  t h e i r  experiments ready. The one t h i n g  t h a t  we 
had t o  watch more than we should have had t o  was t h e  
pneumograph, and i t ' s  because i t ' s  c r i t i c a l  t o  some t iming - 
events  i n  some of t h e  experiments and because t h e  a i r -  
condi t ioning flow impacted it completely. Everytime t h a t  
a i r -condi t ioning cut  on, it would bomb t h a t  reading o f f  
s c a l e .  I i h i n k  if they had t o  improve one item, t h a t  
would be t h e  i tem t o  t r y  and ge t  something t h a t  d idn ' t  
have such a b a s e l i n e  s h i f t .  It would s t i l l  g ive  t h e  da ta  
t h a t  they need, which r e a l l y  means e l e c t r o n i c  redesign,  
more than l i k e l y .  As it worked, we j u s t  had t o  watch it 
awfully ca re fu l ly .  We had t o  be reminded sometimes; we'd 



ge t  doing a couple of o ther  things and obviously t h e  person 
monitoring it down i n  t h e  science a rea  would see it go o f f  
s ca l e .  I th ink  t h a t  was t h e  only th ing  t h a t  r e a l l y  
cairsed - - 

. - .. .- - 
MUSGRAVE - - Joe Baker ( ? )  - - 

HOFFLZR - - Joe ' s  not here.  
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You could get  t h a t  off  t h e  VCG e lect rode . . . 
Possibly,  Story.  

Two a x i l l a r y  e lect rodes .  . . . 
. . . We'd l i k e  t o  look a t  another ba s i c  sensor . . . 
The bas i c  sensor may be a l r i g h t ,  Wick, I don't know if it 
can - ; I ' l l  get  out of my element i n  e lec t ron ics ,  but 
incorporated c i r c u i t  design says you don't have a  b ig  
basel ine  s h i f t .  You'd s t i l l  see your amplitude changes 
due t o  resp i ra to ry  pa t te rns ,  which i s  what you want. 

We jus t  have t o  keep af'ter i t ,  it wasn't any b ig  th ing.  
We jus t  had t o  be sure t h a t  our a t t en t i on  kept coming 
back t o  it. 

That was one of our standing jokes. I was i n  charge of 
- I was PI  on t h e  pneumogram experiment and I had t o  watch 
t h a t  th ing.  

You get  it f a r  enough away from t h e  nose, t ha t  kind of 
helped. But t h e  a i r - ~ o n d i t i o r ~ i n g  was a  fac tor .  When we 
went t o  t h e  FR-1300 we rout inely  turned it off t o  be sure  
it wouldn't blow. We ca l led  it t h e  hurricane because it 
was r e a l l y  windy i n  there .  

. . . we can get  a  b e t t e r  device f o r  t h a t .  It was jus t  
a function of t h e  haste  we had t o  put together everything 
on t h i s .  

But it d id  it; it got your resp i ra t ion .  We jus t  had t o  
keep af'ter it a  l i t t l e  more. 

It works. But perhaps jus t  a  d i f f e r en t  way of shielding 
it from t h e  ambient a i r  flow, something as simple as  t h a t .  
It worked r e a l l y  nice. 

I t ' s  r e a l l y  a  c r ed i t  t o  the  system. :$e so r t  of s ingled 
t h a t  out ,  because otherwise, you could almost leave t h e  



SAWIN 

th ing  running and go do something e l s e  while it was running. 
Nothing e l s e  r e a l l y  required t h a t  ~ u c h  pers i s ten t  a t t en t ion .  
It would have been r e a l  n ice  i f  we had been able t o  route 
t h e  input of t h e  echoscope down t o  you a l l .  

Have you had a  chance t o  look a t  any of those s t r i p  char ts?  
Are t h e  images t h a t  you were looking f o r  t he r e  i n  most 
cases? 

HOFFLER In most cases. 

SAWIN Not a l l  of them . . . 
HOFFLER You know t h a t  t h e  day you put t h e  TV camera on you could 

see  t h a t  t h e  height was very nice .  It wasn't as c l ea r  
and as long pe r s i s t i ng  as  t h e  . . . but it was . . . 

MUSGRAVE The t r a i n i n g  we had, we'd l i ked  t o  have had a  def in i t ion  
of t h e  t ask .  I f e l t  very uneasy f o r  many weeks here 
maybe a month. I ' d  l i k e  t o  have an e a r l i e r  de f in i t ion  of 
t h a t  t a sk .  Both t h e  equipment i t s e l f  i n  terms of what 
th ings  a re  absolute  you can s e t  t h e  numbers i n t o  t h e  index 
o r  t h a t  kind of th ing,  and what pa r t s  of it were r e a l l y  
control lable  and needed t o  be control led by the  crew t o  
ge t  t h e  r i gh t  Lnage on t he  recorder. And as you know, 
what you're seeing on t he  CRT doesn' t  always match up t h a t  
pe r f ec t l y  with t h e  performance of the  recorder. And so,  
we flagged t h a t  as  something we r e a l l y  needed f o r  some 
time and qu i t e  l a t e  on you know we had t h a t  one super day 
when I f e l t  I went from zero t o  where I could knock it 
o f f  i n  2 minutes. And so I ' d  l i k e  t o  have gotten t he r e  
a l i t t l e  b i t  e a r l i e r  . . . 

H0FFI;ER Apropos of t h a t ,  Story,  I ' d  l i k e  t o  say t h a t  t h e  logar i th-  
mic . . . s lope of t h e  learning of you guys on t h i s  . . . 
w a s  phenomenal. I was more than surpr ised i n  t h i s  par t i c -  
ular th ing.  . . . get together  and you guys . . . 

MUSGRAVE I don' t  l i k e  t o  r e ly  upon t h a t  logarithm. I ' d  l i k e  t o  
see  a  l i n e a r  progression because, i f  you're ge t t ing  down 
t o  .the end of t h e  l i n e  and it requires t h a t ,  you cannot 
always get  t h a t .  But on t h a t  whole block of experiments, 
they were r e a l l y  fun t o  run. The system was f a n t a s t i c a l l y  
f l e x i b l e  and capable t o  do a  whole bunch of o ther  th ings .  
We d idn ' t  have t o o  many combinations t o  t h e  experiments 
bu t  t h e r e ' s  no reason you couldn't have combined a  9-C 
with a l l  your cardiovascular s t u f f  and gotten r e a l l y  



ex t raord inar i ly  good exercise data;  VCGSTI and a l l  those 
o the r  good th ings .  You know, jus t  run your th ings  over 
t o  t h e  bike.  O r  we could have met i n  t h e  middle and 
brought t h e  hoses over from the  pulmonary experiments and 
brought t h e  cardiovascular s t u f f  over and r e a l l y  gotten 
a good cor re la t ion .  At t h e  same time you could have 
go t ten  t h e  biochemical th ings  with a dash 11. So i f  we 
had had a 30-day mission - we were s t a r t i n g  t o  regroup 
and do a whole bunch of new things  on day 6. But i f  we 
had a 30-day mission, we could th ink of a l l  t he  combina- 
t i o n s  axid permutations we could have come up with t o  
r e a l l y  study things .  Ju s t  h i t t i n g  dorm, one - cer ta in ly  
we d idn ' t  have any problems with t he  arm cont ro l le r  and 
I guess t h e r e  was some misunderstanding t o  f i x  i t ,  I came 
up with. The ground was t a lk ing  about not being able t o  
ge t  i n t o  those  - access i n t o  those panels. Ju s t  took 
a board o r  something t o  get  back there .  I think we need 
t o  th ink  about v i s i b i l i t y  and acces s ib i l i t y  i n t o  t h e  
components and t h a t ' s  something we s t i l l  need t o  work fo r  
and kind of get  a base l ine  there .  On one day, we had t o  
go behind p m e l s  t h r ee  times and I forget  what t h e  t h i r d  
was. Pu t t ing  t h e  ink i n  t h e  chromatograph was one. 
Gett ing a t  t h e  pots on t he  cardiovascular was another. 
But we r e a l l y  need - so many times t h e r e ' s  a simple l i t t l e  
f i x .  I f  you can p u l l  t h a t  th ing  out and put a multimeter 
on it you can shor t  across a pot o r  some other  l i t t l e  
t i n y  f i x ,  o r  j u s t  sea t  t he  pots. Those adjustment pots,  
you know, they  p u l l  i n  and out. Maybe t h e  pot wasn't 
sea ted  down i n  there .  I took them out and pushed them 
back down i n  t h e r e  t o  make sure they were r e a l l y  well  
sea ted  i n  t he r e .  And so t he r e  a r e  times when jus t  t i n y  
l i t t l e  f i xe s  w i l l  cure a catastrophic f a i l u r e .  I was 
speaking t o  a l o t  of people l a C e r  on; they thought I 
took a 30-millimeter pot and adjusted it up so it would 
give 55,  and I remember it was pegging fu l l - sca le  high 
at 75. I not iced when I was running Chuck looking at 
those  pressures it was up t o  75 and I knew with t h a t  with 
h i s  d i a s t o l i c  pressure t h a t  would be compromising t h e  t o t a l  
blood flow and a f fec t ing  t h e  r e s u l t s  of t h e  experiment. 
I couldn' t  -adjust  t h e  50-millimeter one ; some people 
thought I went t o  30 and adjusted it. I couldn't adjust  
t h e  30 e i t he r .  So I think - I don' t  know a l l  the  c i r c u i t s ,  
don't have any schematics or-anything on t h a t .  I th ink 
whatever t h e  f a i l u r e  was, it was a f fec t ing  t h e  30 a lso .  
So t h e  30 w a s  probably ful l -scale  high also.  But i t s  
fu l l -scale  high w a s  only about 55, which i s  jus t  what we 
wanted. So, once I saw t h a t  I could get  55 out of t h e  
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30, I d idn ' t  p lay around i n  there  anymore. I shut it up 
and pressed on. But with t h e  littl? b i t  of time I did 
spend on it, I don' t  th ink I could adjust  t he  30 e i t he r .  
But t h a t  was a very easy . . . 
We had one o ther  problem t h a t  we're aware o f .  Af'ter you 
look a t  t h e  da ta ,  you may suggest others yet .  One was 
t h e  ce,ble t h a t  went between t h e  junction box attached t o  
t h e  gurney and t h e  armband. And Joe and Story and I 
t a lked  about it air-to-ground a couple of times. I th ink  
you might have been around then, too.  Basical ly ,  it looks 
l i k e  t h e  connector f o r  one of t h e  pins a t  t he  junction box 
perhaps had some buildup on it and it was res i s tance  o r  
somet,hing. The w a y  it f a i l e d  was you could not adjust  
e i t h e r  t h e  n u l l  o r  t h e  gain  on t h e  armband. Everything 
was high of f  s ca l e .  And by Mickey-Mousing around with 
i t ,  blowing it out - and inc iden ta l ly ,  Charles Chassay 
wondering what we might use i n  t h e  t o o l  box, tuner  
c leaner  i s  r e a l  n ice  s t u f f .  For cleaning connectors and 
th ings  l i k e  t h a t .  We jus t  blew it out. 

Kept taking it and playing with it. 

You could take it and play with it while you were looking 
at t h e  gage. 

Anyway, it never caused us t o  lose  anything. Ju s t  caused 
us a l i t t l e  time during setup.  That was it. 

I ' d  l i k e  t o  make another comment and ask you guys a couple 
of questions. I must accede t o  Arnold Nicogossian's ea r ly  
preference f o r  TV. That made a wcrld of difference i n  
our outs ide  monitoring of what you a l l  were doing. It 
was another world above Skylab. You s a t  t he r e  and s i l ence  
on t h e  microphone. You knov, where t h e  guys can see exactly 
what you all  a r e  doing . . . almost follow you by t h e  
procedure, item by item. 

That came up yesterday.  We were i d e n t i e i n g  a l o t  of 
operat ional  needs f o r  t h e  TV. It r ea l l y  a s s i s t s  i n  about 
every experiment. The ground can c r i t i c a l l y  a s s i s t  you 
i n  what you're doing and follow what you're doing. They 
can time what you ' re  doing. And they can see t h a t  you're 
doing it r igh t  o r  they can see the  r e s u l t s  you're ge t t ing  
and you can ge t  your feedback r igh t  o f f .  So we a re ,  Lou 
and Glenn a re  looking a t  - going t o  make inputs t o  support 
TV f o r  Spacelab. 
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Sunday was not our b e s t  day o r  not  my b e s t  day. It was 
a r e a l  c l a s s i c  because i n  doing t,he X-1, f i r s t  of a l l ,  t h e  
l i t t l e  junct ion box on t h e  gurney s h i f t e d  one t ime and 
p u l l e d  t h e  l e g  band loose because it was f a i r l y  shor t  
coupled. That was a  one-time occurrence. 

But t h e  box tended t o  r o t a t e .  The way t h e  box was a t tached 
t o  t h e  gurney it wasn' t  t i g h t  enough, We ended up t ap ing  
t h a t .  Pu t t ing  a  s t r a p  across it t o  hold  it. It would 
t end  t o  r o t a t e  down and p u l l  on t h e  l e g  band. 

The next p a r t  was r e a l l y  funny t o  me because I was a  l i t t l e  
t i r e d  and I s t a r t e d  t h e  experiment run and I was looking 
at t h e  arm and l e g  blood flows and they were nonexistent .  
That was r e a l l y  s t range.  I heard t h e  c o n t r o l l e r  cycling 
and t h e  c u f f s  pumping up. I looked down and both  cuf f s  
were on t h e  f l o o r  co i l ed  upon themselves s i t t i n g  t h e r e  
pumping up . . . ( ~ a u g h t e r .  ) 

He looked a t  me and sa id ,  "I suppose you l e t  me do t h a t ? "  
I n  t h e  meanwhile I ' m  doing l i k e  a  good cardiovascular  
sub jec t  f o r  maybe t h e  f i r s t  t ime i n  2 months and I ' m  t o t a l l y  
f laked.  But I made t h e  b e s t  subject  t h a t  day i n s t e a d  of 
t r y i n g  t o  p lay  conductor. I made t h e  b e s t  sub jec t .  When 

1 t he looked a t  me and s a i d ,  Boy, I b e t  you l e t  me do t h a t ,  
d i  dn ' t you?" 

Questions.  

On t h e  sub jec t  of TV, I ' d  j u s t  l i k e  t o  amplify what I 
s a i d  yes terday o r  a  quest ion I answered. Our choice from 
t h e  ground of camera . . . was not predicated on the  f a c t  
t h a t  it was co lo r  o r  black and white,  it was because of  
t h e  camera angle t h a t  it would give  us when we were 
t r y i n g  t o  look a t  a  p a r t i c u l a r  experiment. Again, it 
supports  t h e  concept t h a t  i f  we can see t h e  operat ion and 
a r e  familar  with t h e  procedures, then we can r e a l l y  be 
an extension t o  you g w s  on t h e  ground. 3u t  whether o r  
not I see  you i n  black and white o r  color ,  doesn' t  r e a l l y  
have any bearing.  I n  f a c t ,  t h e  b lack and white camera 
had much b e t t e r  resolut ion.  

It d i d  on our  monitor. It d i d  outs ide ,  too.  

It was sharp  and everything, but  I can ' t  r e a l l y  go t o  
b a t  f o r  t h e  color ,  as much as  I know a  l o t  of people 
would l i k e  t o  come up with good j u s t i f i c a t i o n  f o r  a  color  
TV. Good reso lu t ion  and good camera angle p lus  a l l  we 
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s a i d  about not having t o  go t o  t h e  AFD t o  change t h e  color ,  0 
being able  t o  do t h i s  remotely, changing t h e  zoom and 
focus. That ' s  what's important t o  t h e  ground. I t ' s  not 
important t h a t  your face i s  f l esh  tone. We learned a l so  
( I ' m  not sure  t h a t  you guys were aware of t h i s )  about 
halftrw i n t o  t h e  mission t h a t  t h e  colors we were receiving 
were b u i l t  i n  bui lding 8. 

Wasn't t h a t  only on t h e  . . . X-14? They had put f i l t e r s  
i n  t h a t  camera. 

Yes, I th ink  they patched it. . . . I might be wrong. 

I t h i n k  t h a t  ' s only . . . 
. . . t h e i r  color  wheel. Everytime they had something go- 
i ng  through them and back t o  us. I know they did  it on 
. ~ - 1 4 .  

It looked l i k e  a f l i c k e r  fusion problem when they f i r s t  
s e t  t he  camera up. You know, you'd look through t he r e  
and you'd see a l l  these  shadows and then they put some 
f i l t e r s  i n  t h e r e  and they had t o  rec rea te  t he  normal 
green colorat ion,  i s  what I understand. 

Well, t h e  neat th ing  was t h a t  we ' d get a purp3.e plasmodium 
one day, and a green one the  next day, and never knew 
what you guys were doing . . . Then we found out t h a t  
t h a t  was a r t i f i c i a l  buildup. But anyway, t h e  camera angle 
and t h e  a b i l i t y  t o  focus i n  on what's going on r a the r  
t han  whether you see  it i n  color  made t he  di f ference t o  
us. 

You fellows, toward t h e  end, asked us f o r  poss ible  modifi- 
ca t ions  o r  addi t ions  t o  t h e  protocols.  

I th ink  Carter  probably i n i t i a t e d  t h a t .  

I thought it was a good exercise  but I wanted t o  r e f l e c t  
it t o  you and say, "What do you th ink ,  as crewmen, you 
could have a l t e r e d  o r  augmented t o  procedures o r  jus t  
added outr ight  t o  improve t h e  data take.  The hardware 
as  it exis ted.  . . . a coro l la ry ,  what would you have 
a l t e r e d  i n  terms of t he  hardware, t h e  measurement capabil- 
i t y ,  t h e  control ,  t he  monitoring, t h e  - I already alluded 
t o  t h e  maintenance and problem solving - And maybe even 
you a l l  could put down some bas ic  item of t oo l s  t h a t  you 
ought t o  have. 



MUSGRAVE Yes, we' r e  ge t t i ng  a l l  of t h a t .  I '  d l i k e  - I know you 
couldn' t  because you were par t  of t h e  cen t r a l  data  stream. 
It would have been a confidence bu i lder  t o ,  much e a r l i e r ,  
have been feeding t h e  FR-1300 and having you take  it back 
i n  t h e  l ab  and play it back and us t o  look a t  t h e  playback, 
which we d idn ' t  see d idn ' t  need t o  see.  But it would 
have been a confidence bu i lder  t o  know t h a t  you ran those 
experiments end t o  end and a l l  you guys were happy with 
what you saw. Now we were seeing t h e  conditioned s igna l  
on t h e  CRT bu t ,  you know, you'd l i k e  t o  know t h a t  t h e  
whole system plays and it plays r i gh t .  It wasn ' t u n t i l  
j u s t  2 weeks before going t o  run t h a t  we got t h a t  on the  
cardiovascular s e r i e s .  

SAW IN As t o  a general  response t o  t he  suggested a l t e r a t i ons  i n  
t h e  protocols ,  I think we look forward t o  it. And I think 
i t ' s  t h e  way t h a t  Spacelab ought t o  be rm. It was r e a l l y  
a l o t  of fun t o  almost ad l i b  t h e  experiment and t o  be 
t o l d  general ly  what you wanted and then t o  s e t  out and 
t r y  and do it. 

MUSGRAVE 67e were doing t h e  modification t o  2 and 1 jus t  p r i o r  t o  
ge t t i ng  t h e  procedures up, and I think t h a t ' s  somethlng we 
might aim a t  and as  a s c i e n t i s t  t o  t e l l  t he  onboard scien- 
t i s t  what t h e i r  in ten t  i s ,  what p r inc ip le  they %rant t o  
exercise ,  arid l e t  t h e  onboard crew go ahead and get  it. 
I n  other  words, without necessar i ly  corning up with very 
de t a i l ed  changes. 

ALEXANDER I ' v e  remarked on t h a t  one t h a t  we spent a ha l f  a day on 
t h e  ground bui lding a l o 0  tilt procedure f o r  you and you 
came up with t h e  most obvious th ing  onboard i n  about what 
looked t o  be 30 seconds. We w?nt through a l o t  of t r i a l s  
and our PE's down here r e a l l y  got af'ter t he t  problem and 
stayed with it u n t i l  they solved it. But we never con- 
s idered  using t h e  sca le  . . . 

MUSGRAVE You're working t he r e  without having a physical  environment 
i s  tough. You know I worked 9 months on t he  ground t ry -  
ing t o  W t i c i p a t e  what was going on i n  f l i g h t ,  what was 
there .  I t ' s  e a s i e r  when you're there .  You can see t h e  
physical  environment and what you got t o  prop th ings  with. 

ALEXANDER I was very impressed. You got a b e t t e r  solut ion - - 
MUSGRAVE But we came out with . . . t h r ee  quar ter  inches, you 

know - - 



SAWIN 

SPEAKER 

MUSGRAVE 

MUSGRAVE 

SAWIN 

MUSGRAVE 

That was t h e  f inny p a r t .  Had t h e  r i g h t  geometry - It came 
out t o  be  t h e  same. But I was th inking - I know Bob was 
s l eep ing  a t  t h a t  time and I was th inking I ' v e  got t o  pick 
t h a t  gurney up wi th  him on it and do something with it. 
Doesn't leave you much f l e x i b i l i t y  when one man has got t o  
p ick  it up and prop it. 

One disadvantage . . . d i d n ' t  have t h e  . . . l i k e  we did  
have i n  Skylab. 

Yes. I don ' t  t h i n k  you a r e  when you get  t o  f ly ing .  I 
a n t i c i p a t e  t h e  whole process w i l l  happen jus t  about like 
it happened t h i s  time. Right out of t h e  lab. You might 
not even have any t r a i n i n g  hardware, you might be t r a i n i n g  
on a c t u a l  f l i g h t  hardware i n  t h e  labora tory  a t  t h e  Inte-  
g r a t i o n  f a c i l i t y .  

Yes. Yes. I ' m  su re  it was. I th ink  we get  t o  f ly ing ,  
you probably won't .  You have a Skylab, you know, t r a i n i n g  
simulator '  t h a t  you . . . . But it a l l  worked. The f i n a l  
r e s u l t ' s  t h e r e ;  it worked t h e  way we did  it. 

We t a l k e d  about our logar i thmic  approach t o  being ab le  t c  
run t h e  experiments. It was a two-sided th ing.  One, we 
had had hands on enough ourselves.  Two, we never run it 
ours e 
over 
no t  allowing us t o  make a mistake and having t o  r e c t i f y  
it. Third  t h i n g ,  we h i t  hard  e a r l y  and you responded t o  
it wel l .  We had no procedures f o r  a long time. We had 
a l i s t  of t h i n g s ,  do t h i s  and do t h a t ,  complete t h i s  and 
shut it down, and on one page, which grew i n t o  maybe e igh t  
pages. I g71ess we need t h e  f u l l  d e t a i l  e a r l i e r  i n  order 
t o  be  a b l e  t o  g e t  down t o  t h e  point  where we can run with 
t h e  one page l a t e r .  You know, we had t o  l e a r n  a l l  switch 
p o s i t i o n s  and why, and I t h i n k  it ' s  hard  t o  understand 
t h a t  u n t i l  you ' re  t h e  guy who walks i n  t o  somebody e l s e ' s  
equipment and t r i e s  t o  do what he wants. 

Let me t u r n  on my tape  recorder  here  jus t  once more. I 
d i d  it yesterdey a couple of t imes but  - I ' l l  h i t  it j u s t  
once more. I h i t  it every s i m  a t  l e a s t  once. We h i t  
it . . . i n  an ops team meeting e a r l i e r .  When you run 
t h i s  cardiovascular  s e r i e s  again,  t h e  only th ing  we looked 
a t  was t h e  da ta  log ,  because we d id  have t o  wr i t e  down f o r  
t h e  t apes  and t r y  t o  get  it t o  t h e  second when we s t a r t e d  
each run. So a l l  we're doing i s  looking. We r e a l l y  need 
d a t a  logs  f o r  each experiment. A l l  t h e  data  we had t o  



w r i t e  down with a  pen. If we ever  looked a t  t h e  c h e c k l i s t ,  
say t h e  l a s t  couple of days, f o r  any of those expeTiments 
we knew t h e  da ta  we had t o  get and we knew how it had t o  
be conditioned. And we'd j u s t  go up and put a l l  t h e  
sensors  on and go t o  t h e  scope and be sure  t h a t  we had 
s a t i s f a c t o r y  s i g n a l s  and then j u s t  w r i t e  i n  t h e  data  book. 
We don ' t  need procedures t o  cookbook something because ve  
don' t  understand it and don' t  lrnow it ,  we just need t o  
def ine  t h e  t a s k  ea r ly .  t h a t  does t h e  guy want? And we 
a l s o  k ind of used them, we don ' t  have any schematics o r  
anything,  we use it t o  point  oxt t o  us t h e  kinds of ques- - 
t i o n s  we have t o  ask t o  understand t h e  system s o  t h a t  we 
can ge t  t h e  job done. Otherwise, we don' t  r e a l l y  know 
what p a r t s  of t h e  system were our r e s p ~ n s i b i l i t y  t o  dig i n  
and understand t h e  system. And it is  a l s o ,  I f e e l  a  re- 
s p o n s i b i l i t y  t h a t  when I ' m  opera t ing somebody e l s e ' s  
experiment t h a t  I want it run t h e  vay he wants it run. I 
don ' t  want t o  j u s t  jump i n  t h e r e  and f l y  it l i k e  I t h i n k  
it ought t o  b e  flown. And so ,  procedures a r e  kind of an 
agreement between t h e  f l i g h t  c o n t r o l l e r s  m . d  t h e  payload 
people and t h e  crew. I t ' s  s o r t  of an agreement how you 
a r e  going t o  operate h i s  payload and t h e  k ind of da ta  
you ' re  going t o  g e t ,  and t h e  k ind of protocol  you're goicg 
t o  run. 

HOFFLER That was r e a l l y  ny e a r l i e r  quest ion.  I n  t h e  r e a l  wcrld 
when you ' re  i n  space, it m%y be t h a t  your judgnent on 
t h e  s i t e  t o  change a  procedure would be t h e  b e t t e r  course. 

MUSGRAVE It may b e ,  bu t  it takes  communication when you're running 
somebody e l s e ' s  payload. Now i t ' s  d i f f e r e n t  when you got  
Bob Clark f l y i n g  h i s  own experiment o r  you got Chuck here  
f l y i n g  h i s  dash 8. I t ' s  r e a l l y  d i f f e r e n t  when you got 
t h e  P I  t h e r e  with h i s  own experiment. But I don' t  t h i n k  
when you' r e  f ly ing  somebody e l s e ' s  experiment t h a t  you've 
got  t o  a t  l e a s t  share  your s c i e n t i f i c  judgment with t h e  
PI.  I f e e l  a  r e s p o n s i b i l i t y  t h e r e .  Cer ta in ly  i f  you f e e l  
t h e r e ' s  b e t t e r  sc ience  t h e r e  you can su re  discuss it. 
Change i t  t h e r e .  Give your s c i e n t i f i c  input .  - 
Story ' s  a l ready made t h e  point ,  but  i t ' s  very n ice  when 
t h e r e  a r e  enough s i g n a l s ,  enough c r i t i c a l  s igna l s  being 
downlinked real-time t h a t  Car ter  o r  Wick, i f  he were t h e r e ,  
o r  anyone e l s e  could pass judgment on whether o r  not those 
were r e a l l y  s u i t a b l e  o r  i f  those  were t h e  s igna l s  t h a t  they 
wanted us t o  be  going with. Once we had clearance,  i t ' s  
a piece  of cake. J u s t  t u r n  on t h e  recorder and go. 

SAW IN 



MUS GRAVE I t h i n k  t h e  cardiovascular  s e r i e s  r e a l l y  supports some kind 
o f  downlink . . . I t h i n k ,  it looks l i k e  people a r e  going 
t o  have t h e i r  own onboard d a t a  s to rage  but  t h a t  s e r i e s  
r e a l l y  supports  some kind of  . . ., 1 0  does t o o ,  t h e  ves- 
t i b u l a r ,  r e a l l y  supports some kind of downlink i n  terms of  
p a r t i c i p a t i o n  from ground. 

I ' d  l i k e  t o  say something about t h a t  wi th  respect  t o  t h e  
crew keeping logs .  The point  being,  voice i s  time tagged. 
You w i l l  need t h e  voice recorder  f o r  c e r t a i n  th ings .  You 
don ' t  have t o  maintain a log  f o r  t h a t  t ime t a g .  The da ta  
systems w i l l  be time tagged. And i f  t h e r e  a r e  th ings  l i k e  
c a l s  t h a t  r e q u i r e  time tagging,  i t ' s  t h e r e .  I guess t h e  
recommendation would be t o  reduce t h e  amount of manual 
logging t h a t  has t o  be performed based upon having those  
c a p a b i l i t i e s .  

SAWIN I would say  t h a t  t h e r e  was dup l i ca t ion  i n  t h e  sense t h a t  
we kept  a separa te  l o g  f o r  t h e  FR-1300 p l a s  a l o g  f o r  t h e ,  
say ,  cardiovascular  s e r i e s .  And my own personal  preference 
would have been not t o  have t o  bother  wi th  t h e  FR-1300 o the r  
than  i n  i n i t i a l .  He would t u r n  it on t o  cardiovascular  
s e r i e s  and then l e t  them go back and look a t  t h a t  block 
of  t ime l a t e r  and f i n d  t h e i r  da ta .  But I th ink  it i s  very 
important t o  have t h a t  small  l c g  l i k e  I had f o r  t h e  cardi -  
ovascular  because it keeps t r a c k  f o r  me of where I am i n  
t h a t  s e r i e s  of runs.  I t ' s  r e a l l y  - f i v e  th ings  back t o  
back. And by j u s t  a few l i t t l e  hacks, put t h e  c a l  on, I 
remember I ' v e  got t o  put  t h e  c a l  on and then ge t  10 minutes 
o f  d a t a  and put  down s t a r t  t ime and every once i n  a while 
you go do something e l s e ,  you come back and look a t  t h e  
clock and say I ' v e  got 8 minutes and I need 2 more. My- 
s e l f ,  pe r sona l ly ,  I ' m  absent  minded enough i f  I j u s t  voice 
r ecord  t h a t  I ' d  l o s e  t r a c k  of where I was, I ' d  be going 
on t h e  comm l i n k  asking Car ter  where a m  I. So t o  g e t  r i d  
of a s  much dup l i ca t ion  as  poss ib le ,  I would be a l l  i n  favor 
of it, b u t  I would not want t o  t ake  it a l l  away from hand 
logging some th ings  l i k e  t h a t ,  s o r t  of milestones.  

ALEXANDER On t h i s  philosophy of how much downlink you have, I th ink  
i t ' s  appropr ia t e  t o  t a l k  about when we l o s t  our VCG-X on 
t h a t  day. I t ' s  t h e  ground's p o s i t i o n ,  and I th ink  support- 
a b l e ,  because we r e a l l y  hadn ' t  a mission r u l e  b u i l t  toward 
it t h a t  w e  cannot go t o  run without VCG-X da ta  from a f l i g h t  
surgeon s a f e t y  s tandpoint ,  bu t  we were going aga ins t  t h e  
g r a i n  by doing t h a t .  Now i f  we d i d n ' t  have downlink - - 

MUS GRAVE What f l i g h t  s a f e t y ?  
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Yes. What experiment w a s  t h e r e  t h a t  concern f o r ?  

This  w a s  when we were doing X,-2 i n  t h e  cha i r .  The day we 
l o s t  V C G X .  

But it i s n ' t  f l i g h t  s a f e t y  t o  say  you c a n ' t  do i sometr ics .  

Let me j u s t  r e i t e r a t e ,  t h e  ground p o s i t i o n  was t h e  f l i g h t  
surgeon i n  t h e  loop - saying we c a n ' t  go t o  run u n t i l  we 
g e t  V C G X .  

I ' m  asking t h e  s c i e n t i f i c  judgment of t h a t  . . . I ' m  
ques t ioning it. I n  f a c t ,  I don ' t  t h i n k  i t ' s  reasonable. 

Well, we're  not s u r e  t h a t  we thought it was reasonable 
e i t h e r  b u t  t h a t  was t h e  consensus on t h e  ground. 

You know, at  50 percent  MVC with  t h e  arm only, t h e  cardio- 
vascu la r  changes a r e  s i g n i f i c a n t ;  they a r e  c e r t a i n l y  ob- 
servable ,  b u t  they a r e  not  dangerous. 

The X l ead ,  though, i n  t h a t  p a r t i c u l a r  patch panel  con- 
f i g u r a t i o n  i s  t h e  only th ing  we had on t h e  ground. 

I ' m  not  t a l k i n g  about t h e  da ta .  You c e r t a i n l y  want i t ,  
i t ' s  a requi red  p a r t  of t h e  da ta ,  but  I ' m  t a l k i n g  about t h e  
s a f e t y .  It requ i red  medical mcnitor.  

I would say,  based on h i s  p r i o r  responses,  i f  I had no 
readouts  onboard, I would know t h a t  h e ' s  not  going t o  go 
over 200 mi l l imeter  s y s t o l i c  pressure ,  and I would know 
t h a t  i t ' s  j u s t  not  going t o  be t h a t  b i g  a s t r a i n  f o r  him as  
a sub jec t .  But I ' m  monitoring him on a scope t h e r e .  Of 
course,  i t ' s  n ice  t h a t  he has a p a t i e n t  surgeon down t h e r e  
b u t  i f  we do have t h e  problem i n  f l i g h t  r e a l  t ime,  he i s n ' t  
going t o  r e a l l y  do much. I t ' s  going t o  be what I can do 
f o r  S to ry  as  h i s  monitor. 

I guess . the  ques t ion  b o i l s  down i s  not  onboard monitoring 
s u f f i c i e n t  t o  i t s e l f .  

Yes, and onboard judgment t o  follow t h a t  monitoring. 

During t h e  9-C f o r  ins t ance ,  which i s  t h e  b e s t  strenuous 
phys ica l  exe rc i se ,  I ' v e  t r i e d  t o  follow h i s  cardiogram, 
t o  keep t r a c k  of h i s  h e a r t  r a t e ,  look f o r  ST depression,  
o r  anything l i k e  t h a t  and t h e r e  was none. So - - 
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That was a real- t ime c a l l .  I n  t h e  pas t  . . . we hadn' t  
go t t en  blood pressure  and VCG's during t h e  9-C's. Was a 
good idea.  You get  more exerc ise  than they do. 

Dilemma s t i l l  e x i s t s  where t h e  f l i g h t  surgeon says no you 
c a n ' t  go t o  run. The way t h e  r u l e s  a r e  w r i t t e n  i n  t h e  t e s t  
ops plan,  if he says no you c a n ' t  go t o  run,  you c a n ' t  go 
t o  run, we voice  t h i s  up t o  t h e  . . . crew, go LOS, come 
back over t h e  h i l l  we f i n d  you running t h e  . . . experiment. 

No, I don ' t  t h i n k  we'd s t a r t e d .  

Well, you've got  t h e  c a l s  on. 

We were j u s t  s i t t i n g  the re .  We were ready t o  s t a r t .  

We weren't  holding back; we were p ress ing  on ( l a u g h t e r ) .  

We had t h e  c a l s  on, w e  j u s t  had t o  w a i t .  

We were r e a l  c lose .  

We d idn ' t  g e t  t h a t  message, I d i d n ' t  ge t  t h a t  message 
t h a t  it was - - 
I did .  

Oh, you got  it. I thought it was a d a t a  th ing .  That you 
ought t o  s t o p  because t h a t ' s  required  d a t a  f o r  t h e  experi- 
ment. 

ALEXANDER We were aware t h a t  you had it on t h e  1300. We'd already 
played t h a t  game and s a i d  t h a t  we don ' t  care .  We have it 
down here from a da ta  s tandpoint ,  we know t h a t  they have it 
onboard. I t ' s  been v e r i f i e d .  

SAWIN I had an argument with Story. I monitor s t r e s s  t e s t s  a l l  
t h e  time. I knew what I was looking f o r  and t h a t  - - 

MUSGRAVE The crew surgeon, h e ' s  - If he says he needs it, t h a t ' s  
it. 

SAWIN H e  d i d n ' t ,  Story,  but  we were ready t o  s t a r t .  

MUSGRAVE I t ' s  h i s  decis ion.  I d i d n ' t  know t h a t  t h e r e  was any delay. 

HOFFLER The i s s u e  s t i l l  stands whether you ' re  going to allow an 
onboard t e s t  without ground monitoring. 
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And i f  we don ' t  have da ta  downlink, it ' s  academic t o  argue 
t h e  po in t .  

We need mission r u l e s  and I guess we had one and we 
shouldn ' t  have run it. We d idn ' t  have mission r u l e s .  

We d idn ' t  run it because - Carter  came on t h e  loop and s a i d  
p ress  ahead and t h a t ' s  r i g h t  what we were ready t o  do. 

I t o l d  him we're stopping a t  25 percent  and we were the re .  

We had negot ia ted  t h e  point  during LOS and it was okay t o  
run it a f t e r  you came back. But when you guys went away - 
f o r  t h e  10-minute period i t  was down. 

Yes, I understand what you were saying. Because I t a lked  
wi th  Story  about it. Not naming any person i n  p a r t i c u l a r  
b u t  - - 
I probably d idn ' t  know - - 
We t a l k e d  about t h e  philosophy of d id  t h e  p a r t i c u l a r  person 
who might be watching it, know what he would want t o  see  
i f  you were going t o  monitor. Could we not  press  on. 

This was d l  done by telephone anyway. But it w a s  a r u l e  
t h a t  we had t o  pla3- t h e  game by; t h a t  i s ,  without t h i s  
p a r t i c u l a r  s a f e t y  aspect ,  could we go t o  run. 

I d i d n ' t  understand t h a t ;  I thought it w a s  j u s t  - - 
Yick b a i l e d  us out .  Wick's t h e  one t h a t  w a s  able  t o  come 
i n  as P I  and a physician and overruled t h e  s i t u a t i o n  t h a t  
e x i s t e d  and away we went. 

He j u s t  happened t o  be a t  Hi-Lo Auto P a r t s  a t  t h e  time 
t h e  th ing  w a s  going on ( l a u g h t e r ) .  

How did  you f i n d  him over the re?  

We had a p r e t t y  good l o c a t o r  system. 

The f i x  t o  t h a t .  Not t h e  f i x  t o  it but  being able  t o  patch 
i n  t h e  output of the  1300, t h e  s i g n a l  going t o  it t h e  ves- 
t i b u l a r  CRT. There 's  a l o t  of lessons i n  t h e r e .  One of 
them was t h a t  D r .  Clark was instrumental  i n  coming up with 
t h a t .  I t  j u s t  shows, t h e  physical  s c i e n t i s t s ,  the  PS, was 
working l i f e  sciences . . . f l y  them on a couple of them. 
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It j u s t  goes t o  show t h s t  you got t o  look a t  t h e  f i n a l  crew 
mix t h a t  you come up with.  CDfl,  PLT, MS, PS 's ,  and a l l  
t h a t .  And you don' t  know who i s  going t o  be good i n  what 
a r e a s .  So I j u s t  don ' t  th ink  t h a t  we ought t o  be looking 
t o o  s e r i o u s l y  a t  t h e  way crew pos i t ions  a r e  being l e g i s l a t e d  
as t o  what t h e i r  funct ions  w i l l  be, because you may have a 
CDR/PLT t h a t  i s  a doctor or  e l e c t r o n i c  engineer o r  some- 
t h i n g  l i k e  t h a t .  So much of t h i s  hardware was e l e c t r o n i c s ,  
and bioins t rumenta t ion,  and da ta  management. There may be 
a l o t  more p a r t i c i p a t i o n  of these  people i n  t h e  l i f e  
sc iences  experiments and v ice  vnrsa i n  o ther  areas .  I th ink  
t h e r e ' s  a r e a l  l e s son  here.  Also, i t ' s  a lesson i n  com- 
monality of equipment t o  give you f l e x i b i l i t y  t o  borrow - 
if you have some kind of commonality, you can borrow from 
one piece  from one experiment, borrow some gear,  and ge t  
another experiment going. 

With respect  t o  Spacelab, g e t t i n g  t o  t h a t  f o r  a moment. 
.Thz s p e c s . c a l 1  f o r  a reformatt ing c a p a b i l i t y  by t h e  experi- 
ment computer. And i n  a case l i k e  t h a t ,  as it stands r i g h t  
now, it says you can go i n  wi th  software and change t h e  
s l o t  f o r  V C G X .  

Yes, but  we l o s t  it a t  t h e  W. 

We went through t h a t  t o  expla in  t h e  s i t u a t i o n .  The point  
be ing i f  it t u r n s  out  t o  be a master u n i t  problem and you 
go t  a s l o t  problem i n  t h e r e ,  then you can change t h e  format 
t h a t  goes t o  t h e  PCM MU by t h e  experiment computer and per- 
haps do something about it. But t h a t  remains t o  be seen 
y e t  how much v a r i a b i l i t y  we're going t o  have i n  t h a t .  But 
t h a t ' s  t h e  thought so f a r .  Real-time reformatt ing.  

It wouldn't have helped us here.  

Not i n  t h i s  one, no. The point  i s  t h a t  t h e r e  may be situ- 
a t i o n s  where t h a t  can he lp  us.  

Well, I th ink  you guys r e a l l y  jumped on t h a t  i n  a hurry.  
You go t  PS2 over t h e r e  t o  work t o  bu i ld  you a cable t o  
g e t  back i n t o  t h e  patchboard. We had a p in  a l l o c a t i o n  
change on your patchboard t h a t  went up i n  a GEP which would 
have been a more permanent, probably l i v e a b l e  f i x  i n  t h a t  
you wouldn't have t o  f l o a t  around t h a t  cord o r  t h a t  cable 
t h a t  Bob b u i l t  f o r  you. The general  statement on a l l  t h e  
SIMSUP malfs t h a t  we had t o  work was t h a t  sometimes they 
were a l i t t l e  u n r e a l i s t i c  i n  t h e  sense t h a t  you could a l -  
most ge t  t h e r e  but  t h e r e ' d  be t h e  l a s t  door t h a t  they 'd  not 
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l e t  you open. I n  t h i s  case,  it was going back and t e a r i n g  
i n t o  a patchboard. That woiiLd have f ixed it. 

We d id  a l l  of them but one of them. One of them was when 
Dick came i n  on about day 3 o r  4 and sa id ,  "okay, a f t e r  
t h i s  t h e  FR-1300 w i l l  never come on again," and t h a t  would 
have c r a t t e r e d  a l l  - - 
It was an on/off  switch. I n  playing t h e  SIMSUP game, you 
g e t  a  card  t h a t  says,  "The on-off switch once o f f  w i l l  not 
come back on again.' '  You could get  t h e  r e s t  of t h e  day. 
I looked a t  it and in te rp re ted ,  we l l  I ' m  not going t o  t u r n  
t h e  t h i n g  o f f  today so  S got  a l l  day today, but  when I 
turned it o f f .  But then you see ,  you need another l e v e l  
as t o  what t h e  problem i s ,  because i f  t h a t  r e a l l y  happens, 
i t ' s  very n ice  t o  p u l l  t h e  f r o n t  panel o f f  and take  t h e  
so lde r ing  i r o n  with a l l i g a t o r  c l i p s  and j u s t  go s h o r t  across 
t h e  switch and you're back i n  business.  But you read t h i s  
th ing , .you  say,  "Well, what kind of f a i l u r e  i s  he i n t e r -  
pre t ing?"  Is it simply a switch f a i l u r e  where you can p u l l  
t h e  panel o f f  and go across  t h e  switch. But we explained 
t o  him t h a t  p u t t i n g  t h a t  t h i n g  down, t h a t  t h a t  was - wel l ,  
he was l o s i n g  a l o t  more, he was los ing  a l l  t h e  primary 
d a t a  knocking a11 of t h a t  out .  I guess t h a t ' s  t h e  only 
ca rd  where we t a l k e d  him out  of t h a t  one. That ' s  t h e  only 
ca rd  we got  t h a t  we d i d n ' t  execute. 

Well, w e ' l l  t a l k  about t h i s  more when we get  t o  X-6, but  
t h e r e ' s  another point  on t h a t  p a r t i c u l a r  malf t h a t  I 
d e f i n i t e l y  want t o  b r ing  up when we get  the re .  L e t ' s  go 
on wi th  t h e  CV block. 

Anybody go t  any more on t h e  . . . 
Do you want t o  t a l k  about t h e  X-4 on t h e  af t  f l i g h t  deck? 
You might t a l k  about t h e  problem of t h e  t ape  being loaded 
wrong again t h a t  you mentioned yesterday, about t h e  
fol lower . . . 
The t a p e  going across t h e  follower on t h e  X-4, remember 
we had a l l  t h a t  noise on t h e  a i r ;  when we went t o  f l u t t e r  
compensation, it cured t h e  problem. Sure enough, you guys 
picked it up and t o  see i f  we put t h e  t ape  on r i g h t .  And 
t h a t  was a mat ter  of t r a i n i n g  simulat ion,  we d i d n ' t  have 
t h a t  high a f i d e l i t y .  A t r a i n i n g  s i t u a t i o n ,  you know how 
t h a t  th ing  was placed i n  the re .  Well, t h e  s e a l ,  t h e  for-  
ward s e a l  t o  s e a l  up the  a f t  f l i g h t  deck wasn't  on t h e r e  
i n  t h e  t r a i n i n g .  And when we approached t h a t  t ape ,  
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obviously we approached it frorn the side where we could 
see it and manipulate it. Instead of over the top where 
we couldn't get to it. That's one example of a training 
situation in which we never trained with the physical 
environment that we ~~rould get to in flight. 

Chuck and Bob as experimenters did you feel that you paid 
more attention to your particular experiments? 

I was going to express that later. I'll let Bob do it 
now (laughter ) . 
I became interested in all of them. I at least hope it 
didn't bias my time towards my own experiment. 

I guess I was the only one who had the real dilemma, lit- 
erally, because Bob dici not have to do anything in life 
sciences and really had to only tend to his payload. I 
had to - 
Bob gave tremendously to the life sciences effort. 

I know, but he didn't have a moral dilemna as to where he 
should spend his time. If he chose, he could go only X-21 
and do that and we could never say "~ey, we need you here 
to do this." 

It's still a moral dilemma, I think; you want to give the 
mcst to the mission. 

The ground rules and the mission rules for our experiment 
were that X-21 for usage of my time should always take 
priority, oJer participation in tlie medical experiment. 
If we had had any major malfunctions that would have re- 
quired more of my time, I would not have been able to 
participate in the medical experiments. It didn't work 
out that way. So I believe that I paid as much attention 
to the, was able to afford the time to . . . the medical 
experiments as much as . . . 
In my case, I'd say I chose to start up my experiment 
earlier because, first of all, we were ahead of time 
lines on day 1, we had a period called activation when we 
were to turn on various pieces of hardware, and we had a 
big pad in there so I was able to run some 8's and still 
do everything else with no impact. But I never had a prob- 
lem if it got to a point that I should be doing another 
experiment but I wanted to do mine or some related to 
mine. And I t i l ink  that I kind of got over the desire to 
overexercise mine in the first couple of days, and really 



only  went back t o  it then according t o  when t h e  time l i n e  
requ i red  t h a t  it be run. But it i s  a p o t e n t i a l  problem 
f o r  someone who i s  t e r r i b l y  i n t e r e s t e d  i n  h i s  own experi- 
ment and not  at  a l l  i n t e r e s t e d  i n  someone e l s e ' s ,  some 
o t h e r  person 's  experiment. I d i d n ' t  f i n d  it t h a t  bad a 
problem. 

ALEXANDER Yet i f  you look at  t h e  cumulative runs ( l a u g h t e r ) .  

- MUSGRAVE Yes, b u t  I b e t  t h e y ' r e  no d i f f e r e n t  than t h e  las t  s i m .  

ALEXANDER Probably not .  

MUSGRAVE You look at t h e  number of e x t r a  1-1's on t h e  f i r s t  s i m  and 
y o u ' l l  see  t h e  same th ing.  Because i t ' s  so easy t o  run.  

SAWIN Let me make another po in t .  The time requirement t o  run a  
pulmonary funct ion t e s t  i s  maybe 5 minutes i f  you ' re  slow. 
So you can get  t h e  da ta  and go on. You can do it between 
e x p e r i i e n t s ,  you can do it  anytime you have 5 o r  10 minutes. 
That j u s t  speaks f o r  t h e  type of data  management system we 
have. The f a c t  t h a t  i t ' s  something t h a t  can be done i n  
a s h o r t  per iod of time. Setup requirement f o r  cardio- 
vascu la r  s e r i e s  i s  90 percent  of what your time a l l o c a t i o n  
i s  because you have a  l o t  more sensors t o  get  i n  p o s i t i o n ;  
it takes  more time. So, yes ,  I maybe performed it more 
b u t  I d i d n ' t  drag Story i n  or  Bob i n .  I looked a t  t h e  
number of runs I have, I have t h r e e  runs on Bob. 

MUSGRAVE You'd save my time by running p a r a l l e l .  You'd have t h e  
system up and I ' d  j u s t  run over and ge t  on the  mouthpiece. 

SAWIN I have 3 runs f o r  a  week on Bok's s o  I ' m  c e r t a i n l y  not 
t ax ing  h i s  t ime the re .  

CLARK And it wasn' t  j u s t  because it d i d n ' t  come up. 

SAWIN No it was t h e r e  a l l  t h e  time. It took us a  while t o  
s e t t l e  i n t o  rou t ine .  Once we're i n  a rout ine ,  I d i d n ' t  
p lay  with my m n  hardware t h a t  much. That ' s  what it bo i l ed  
down to .  

MUSGRAVE Bob made o the r  r e a l l y  s i g n i f i c a n t  contr ibut ions  t o  l i f e  
sc iences  doing other  jobs which a r e  not c l a s s i c a l l y  thought 
of a s  being done by t h e  payload s p e c i a l i s t .  I n  o the r  
words, working on t h e  waste management system. I t ' s  r e a l  
funny. Cleaning up a f t e r  me and cooking our - we knew it 
was going t o  happen because t h i s  i s  t h e  team r i g h t  here .  
The team of th ree  and you go i n  t h e r e  and we r e a l l y  m a x i -  
mized t h e  mission. But it i s n ' t  c l a s s i c a l l y  thcugnt of 



t h a t  t h e  payload s p e c i a l i s t  would be working malfs ori t h e  
waste management system o r  cooking f o r  t h e  MS. I meac, t h i s  
i s n ' t  what ' s  i n  t h e  books. But when you want t o  maximize 
t h e  mission,  ags in  i t ' s  t h e  same work. You t a k e  a  mature 
team of guys t h a t  a r e  working toge the r  and they know how 
t o  s h i f t  t h e i r  tinie and s h i f t  t h e i r  e f f o r t s  and a11 l i k e  
t o  maximize t h e  mission. And he made tremendous contribu- 
t i o n s  because he wasn' t  pushed q u i t e  as  hard i n  terms of  
h i s  t ime  l i n e  a s  we were, t o  look a f t e r  us and f r e e  us up 
from a l o t  of those  housekeeping d2~t i e s  so t h a t  we could be 
back i n  t h e  Spacelab g e t t i n g  with it. So he made a l o t  of 
con t r ibu t ions  t h e r e .  And r e l a t e d  t o  the  sub jec t  of f l y i n g  
a  P I  and i s  he going t o  g ive  more preferem-e t o  h i s  own ex- 
periments,  r e l a t e d  t o  t h i s  i s  i n  t h e  f u t u r e  we ' re  going t o  
p ick  t h e  payload s p e c i a l i s t s  t h a t  a r e  super we l l  knodn 
s c i e n t i s t s  w i t h i n  t h e i r  own experimental a rea .  And they 

. w i l l  be very  good, i n  p a r t i c u l a r  l i f e  sciences,  f o r  your 
f l y i n g .  We only f l e g  20 experiments t h i s  time; I imagins 
w e ' l l  f l p  25 next t i m e .  So you've r e a l l y  got a  l o t  of 
ground t o  cover. We're going t o  pick some payload specia l -  
i s t s  who a r e  well-noted s c i e n t i s t s  wi th in  t h e i r  a r e a  and 
y e t  t h e i r  con t r ibu t ions  t o  t h e  mission w i l l  be running t h e i r  
experiment. They w i l l  be unable t o  run 16 or  18 hours a  day 
which maximizes t h e  mission. They w i l l  be un in te res ted  i n  
l e a r n i n g  19 o r  20 o ther  experiments, and they w i l l  be un- 
a b l e  t o  run 1 8  hours a  day on t h a t  number of experiments. 
W e  haven ' t  exerc ised  t h a t  y e t .  These guys a r e  absolute ly  
super  a s  was DenEis Morrison on what i t  takes  t o  maximize 
a mission.  I t h i n k  t h a t ' s  something t o  keep i n  mind i n  
terms of what q u a l i t i e s  you want i n  a  payload s p e c i a l i s t .  
And a l l  t h e s e  guys have c e r t a i n l y  had it.  While I ' m  on 
t h a t  t o p i c ,  t h e  genera l  t a s k  requi red  here ,  t h e r e  was 
l e s s  b i o l o g i c a l  a r t  involved i n  t n i s  mission than t h e  f i rs t  
one, I n  o the r  words, t h e  f i r s t  one we had, we had animals 
t h a t  r equ i red  tender  loving care ,  s o r t  of ve te r ina ry  care .  
We had t i s s u e  c u l t u r e s ,  we had s t e r i l e  technique,  we had 
a l o t  of microscopy. Fish  eggs, t i s s u e  c u l t u r e s ,  amoeba 
and t h i s  s o r t  of th ing ,  t h e  p l a n t s .  There was l e s s  bio- 
l o g i c a l  art involved i n  t h i s  one. It was mostly bioengi- 
nee r ing ,  b io ins t rumenta t ion ,  e l e c t r o n i c s ,  and da ta  manage- 
ment. We had four P D P - 8 / ~ ' s ,  computer programs, r e a l l y  
s o p h i s t i c a t e d  equipment i n  t e r m s  of e l ec t ron ics .  So I 
t h i n k  i n  terms of f u t u r e  s e l e c t i o n  of mission s p e c i a l i s t s  
o r  t h e  s e l e c t i o n  of payload s p e c i a l i s t s  f o r  s p e c i f i c  mis- 
s i o n s ,  I t h i n k  t h i s  i s  something i n  t h e  f u t u r e  t h a t  t h a t ' s  
an a rea ,  a guy needs t o  be p r e t t y  we l l  versed i n  a s  op- 
posed t o  b i o l o g i c a l  a r t .  There 's  always going t o  be ?one 
of  t h a t  bu t  t h i s  i s  r e a l  heavy i n  those  a reas .  Of c o u s e ,  
most of  you, P I ' S  and PE's, a r e  we l l  verset: i n  t h i s  a rea .  



CLARK I ' d  l i k e  t o  comment a  l i t t l e  f u r t h e r  on t h e  usage of my 
t ime  on doing Orb i t e r  funct ions ,  and cooking meals, and 
t h i n g s  l i k e  t h a t .  Tha t ' s  due t o  t h e  na ture  of our experi- 
ment. The requirements t h a t  we had f o r  our experiment was 
t h a t  I be a b l e  t o  spend 8 hours per  day working f u l l  t ime 
on t h e  experiment. Well, p a r t  of t h a t  i s  t h e  nature  of 
our  experiment, we would s e t  up a run  t o  check a var ious  
s e t  of d e t e c t o r s  and accumulate 10,  20, 30 minutes d a t a  
on t h a t .  And during t h a t  time, m y  t ime w a s  ava i l ab le  t h a t  
I could go downstairs and cook up a meal o r  vhatever .  You 
have t h e  same type  of th ing  i n  many physica l  sciences pay- 
loads ,  where t h e r e  i s  t ime ava i l ab le  f o r  t h a t  payload 
s p e c i a l i s t  even though he i s  dedicated pr imar i ly  t o  one 
experiment. You t a k e ,  f o r  example, an astronomy experiment 
t h a t  you would have onboard. You have roughly 40-minute 
passes  i n  which you can obta in  da ta  i n  astronomy; t h e  r e s t  

. of t h e  time is ava i l ab le  f o r  t h a t  payload s p e c i a l i s t  t o  
perform o t h e r  funct ions  i f  h e ' s  not analyzing data .  So 
i t ' s  t h e  type  of t h i n g  . . . t h e  e n t i r e  mission approach 
o f  working i n  t o  g e t  t h e  maximum number . . . t h e  t o t a l  
mission and not  j u s t  dedicated t o  t h e  one experiment. The 
o t h e r  t h i n g  i s  on X-4, t h e  a f t  f l i g h t  deck; we t a l k e d  
about t h e  tape-loading problem. I n  t h e  F l i g h t  Plan,  it was 
c a l l e d  out t h a t  Chuck o r  Story would put  t h e  X-4 sensors 
on m e  every n igh t  before  they went t o  bed. Well, it turned 
o u t ,  with a s i i g h t  amount of contor t ion ,  t h a t  I could put  
my own sensors  on. And I d id  t h a t  i n  t h e  middle of t h e  
n igh t .  I hope t h e  da ta  looks we l l  on t h a ~  anyway. But it 
i s  poss ib le  t h a t  you can get  a l l  those  sensors on by your- 
s e l f .  It t a k e s  a very minimum amount of time. The prob- 
lem assoc ia ted  with it was t h a t ,  when you do t h a t ,  you ' re  
moving around by yourse l f  and you have t o  pos i t ion  your- 
s e l f  and s i t  down because you tend t o  p u l l  those cables 
loose .  Well, t h a t ' s  t y p i c a l l y  a  one-g problem because 
you've go t  t h e  cable support t h a t ' s  p u t t i n g  s t r e s s  on those  
t h i n g s .  Another problem up t h e r e  i s  when you ge t  t h e  
cables  on and you s i t  down f o r  t h e  5-minute d a t a  run ,  i s  
t h a t  when you s i t  down with t h e  tilt of t h e  scope which i s  
up t h e r e  on t h e  ~ a n d b e r ~ ( ? ) ,  you no longer can see  i t ,  so  
you c a n ' t  r e a l l y  be su re  t h a t  you a r e  g e t t i n g  your scope 
d i sp lay  once you do s i t  down. . . . l i f t  up a l i t t l e  b i t  
and see  i f  i t ' s  coming i n  and s i t  back down, again. So 
i t ' s  p o s i t i o n  of t h e  d isplay  on t h a t  versus where you have 
t o  be pos i t ioned t o  be i n  a  r e s t i n g  condit ion.  Tha t ' s  
a l l  I got .  

MUS GRAVE Anymore on t h e  cardiovascular? We covered a l o t  of o the r  
ground a s  we l l .  Dash 6,  D r .  Kimcey. 
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S t e v e ' s  w i t h  t h e  P I  on t h e  West Coast ;  D r .  Rogers i s  he re  
today  . 
Went super .  ';"lie add-on r e t i c u l o c y t e  s t a i n  was f i n e .  Have 
you looked at t h o s e ?  

Yes, they  look  a l l  r i g h t .  

The whole t h i n g  went s l i c k l y .  The t r a i n i n g  was outs tand-  
i n g .  I g o t  t o  do then1 f c r  r e a l  i n  s e r i e s  a couple of 
t i n e s .  Once on i n t e g r a t e d  sim day. And t h e  human f a c t o r s  
o f  l a y i n g  out  where t h e  cages were and l a y i n g  o u t ,  you 
know, where t h e  b o t t l e s  were and a l l  t h e  r e s l  o f  t h a t  
s t u f f ;  human f a c t o r s  was good, a s  was pointeG nut  by Chuck 
yes t e rday .  And when we r e a l l y  g e t  t o  f l y i n g ,  w e ' l l  aave a 
s m a l l  animal enclosed environmental c o n t r o l  system f o r  
s m a l l  animals .  I ' d  guess t h e r e ' s  no t  much e l s e  because it 
r e a l l y  went w e l l .  PTaybe t h e  mal f .  We d i d  run out  of po- 
t a t o e s ,  l i k e  t h e  day of - w a s  it day 3 - I knew t h e  ones 
t h a t  were go ing  t o  be processed t h a t  a f te rnoon,  I took 
t h e i r  po ta toes  away, t hey  wouldn ' t  need them ( l a u g h t e r ) .  
I n  f a c t ,  i t  y e t ,  it n igh t  cause me fewer problems i f  t hey  
had l e s s  t o  e a t  ( l a u g h t e r ) .  So I took  t h o s e  po ta toes  away 
and gave it t o  them - gave them t o  t h e  last  s i x .  But we 
j u s t ,  i n  t h e  l a s t  day, be fo re  day 6 ,  we d i d  run  out  of  po- 
t a t o e s ,  and I t cok  food cans and s a t u r a t e d  Kirnwipe and p u t  
t h a t  i n  t h e r e  f o r  them. I guess t h e  only t h i n g ,  i f  you 
have any more, i f  you haven ' t  looked at t h e  daza a t  a l l .  

The - All t h e  t i s s u e  samples a r e  i n  t h e  process  o f  be ing  
prepared  w i t h  t h e  except ion  of t h e  blood s l i d e s ;  t h e  smears 
we've s t a i n e d  t h o s e  and need t o  t a k e  a look at them. 

Some of thzm, t h e y ' r e  okay, t hey  a r e  not super  and I don't  
know what it is ;  it sounds wei rd  b u t  t h e  r e a c t i o n  t o  t h e  
b lood  t o  t h e  g l a s s  - t h e r e ' s  a hydrophobic t h ing .  Like 
you know sometimes you see  water  go l i k e  t h a t ;  it zaps 
away from hydx-ophobic m a t e r i a l .  

The r eason  f o r  t h i s  which should have been done, and it was 
a n  e r r o r  on ou r  s i d e .  Some s l i d e s  from t h e  vendor a r e  pre- 
c leaned ,  b u t  some of them a r e n ' t ,  and they  only look bad. 
The s l i d e s  t h a t  you have, t h a t  you had, were not  prec leaned ,  
t h a t  i s ,  by us .  You t ake  a a l coho l  wipe something t h a t  
you wipe o f f ,  and t h a t  problem goes away. 

Some of them a r e  a l l  r i g h t ,  and sonic of i,!~em I ' d  z i p  l i k e  
t h i s  you could  s e e  these  l i t t l e  b ~ ~ b l e s ,  t h e s e  l i t t l e  c l e a r  
a r e a s  where it was hydrophobic stuff' on if , 
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T h a t ' s  because t h e r e ' s  a  l i t t l e  f i l m  o r  t h e r e ' s  a  l i t t l e  
something on t h e r e  t h a t  keeps it from spreading. 

I thought a l s o  some of them, I ' d  p u l l  t h e  s l i d e  back but  
t h e  s l i d e  wasn' t  matching very we l l ,  and t h e  l i n e ,  it would 
come out j u s t  be fo re  . . . but I th ink  t h e y ' r e  a l l  usable 
anyway 

And, a l s o  we've looked a t  some of the  r e t i c u l o c y t e  s l i d e s ,  
we haven ' t  done t h e  counts, we're processing t h e  covats on 
those  now. 

TV helped a  l o t  on t h a t .  I t  helped once when I hadn' t  
done them f o r  a  long time, I guess a month o r  so.  It 
helped - I was taking t h e  stopper o f f  and pu t t ing  t h e  blood 
i n  it, and I knew I was doing something s t range  and I 
looked a t  it, and I ' m  doing it but  I couldn' t  f i g u r e  out  
what was s t range,  you know. And sure enough he t o l d  me 
on TV,.donlt need t o  take  t h e  stopper o f f ,  j u s t  t o  check 
t h e  blood. It helped a  l o t .  It a l s o  helped on t h e  r e t i c -  
u locy te  t h i n g  t o  ge t  t h a t  exact ly  10 minutes. You a l l  were 
doing t h e  t iming f o r  me. You know I had a  r a t ' h e r e  and 
weighing, and t h i s  one going, and t h r e e s ,  four ths ,  s t a i n s  
going simultaneously. It r e a l l y  helped me t o  t e l l  m e  t h e  
next  s t a i n  t h a t  was coming up. The TV helped us t h e r e .  I 
guess t h e  philosophy, t h a t  malf - I discussed t h a t  
malf . . . 
The only th ing  t h a t  r e a l l y  bothered us on t h e  ground with 
t h e  malf was t h e  f a c t  t h a t  we were not allowed t o  work 
t h e  so lu t ion .  It became obvious t o  us l a t e r  on, i n  f a c t  
it d idn ' t  take  too  long t o  get  very obvious, t h a t  t h e  
t h i n g  you wanted us t o  do on t h e  ground was t o  come up 

. with an a l t e r n a t e  procedure f o r  t h e  euthanasia r a t h e r  than 
coming up with a  hardware f i x .  

The card I got  I couldn' t  have f ixed t h e  hardware. My 
i n t e r p r e t a t i o n  of t h a t  card was, t h a t  t h e  vacuum chamber 
was f a i l e d  and it wasn' t  going t o  get  f ixed .  

I guess we d i d n ' t  ge t  t h a t .  Of course, i n  t h e  evolution 
of a  SIMSUP problem t h e  ground shouldn' t  have any informa- 
t i o n  t o  go on except the  th ing  has f a i l e d  and you ought 
t o  muster everything you got ava i l ab le  t o  you t o  f i x  it.  

This points  out something t h a t  we were g e t t i n g  the  feed- 
back - sometimes say 1 5  minutes a f t e r  t h e  malf,  you a l l  
would know it was SIMSUP a s  opposed t o  - I th ink the re  
was - t h e r e  were o ther  communications besides j u s t  laying 
t h e  problem on and l e t t i n g  everyone f l a i l  with it. 
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I t h i n k  t h a t ' s  a  good example of what you j u s t  s a i d  because 
a s  soon as we came up with a  quick f i x  t o  ge t  you back i n  
bus iness ,  which took about 10 t o  15  minutes, t.hey s a i d ,  no, 
you c a n ' t  do t h a t .  

They shouldn ' t  have s a i d  t h a t .  They should have l e f t  a 
d i s c r e t e  card  wi th  me t h a t  says t h i s  i s  t h e  problen~ and - 
t h i s  i s  t h e  d i s c r e t e  problem. Arid so you know t h a t  when 
t h e  ground i s  coming uj? wi th  a  f i x ,  we have t o  i n s t i t u t e  
t h e  f i x  and s e e  does it work. So ve  have t o  have t h e  prob- 
lem w e l l  defined.  

I t h i n k  t h e  f i r s t  f i x  we came up with was making t h e  
chamber . . . 
Well, Glenn, l e t  me back up, t h a t  was t h e  seccnd th ing  we 

.wanted t o  do. Ve wanted - The f i r s t  th ing  we tranted t o  
do was shut  t h e  mass spec valve o f f  t h e  vacuum l i n e  and 
v e r i f y  vacuum i n t e g r i t y  t o  the  spacec ra f t .  We were s t a r t -  
i n g  a t  square 1. We d i d n ' t  know where t o  s t a . r t .  So we 
went a l l  t h e  way back t o  where we knew we had vacuum, and 
t h a t ' s  ou t s ide  t h e  mockup. We were t o l d  no, without any 
h e s i t a t i o n ,  t h a t  we cou ldn ' t  jack around wi th  t h e  e x t e r i o r  
va lves  - - 
We t o l d  you t h e  nass  spec was a l l  r i g h t .  

Yes, so  we knew we had vacuum going down t h a t  l i n e .  A l l  
we wanted t o  do is  k i l l  t h a t  l i n e ,  see  t h a t  we had it back 
on t h e  o ther  a r n  of t h e  "Y", which then it became obvious 
t h a t  i f  we have it a t  X-19 then we a t  l e a s t  got it down t h e  
p o r t s i d e  of t h e  labora tory .  Everytime we'd open one of  
those  doors i t ' d  be a  blank wal l .  Eventually they s a i d  you 
c a n ' t  go beyond t h a t  po in t ,  and t h a t ' s  when it became ob- 
v ious  we had a  SIMSUP problem, not too  long before  t h a t .  
The f i x  t h a t  we came up wi th ,  I t h i n k ,  s t i l l  v i o l a t e d  a  
mission r u l e  i n  t h a t  we had t o  vent t h e  cabin t o  space, 
even though it was vented through an eighth-inch l i n e .  

T h a t ' s  what I th ink .  Why c a n ' t  we vent  t o  space? You 
c a n ' t  l o s e  t h a t  whole cabin through an eighth-inch hole.  
Those guys could p u l l  t h a t  o f f  and s l a p  t h e i r  thumb over 
it and t h a t  would s t o p  it r i g h t  the re .  

You could l e t  it leak  a l l  day. 

I f  you had a  hexosta t  you could clamp t h e  l i n e .  They wcre 
Tygon l i n e s .  
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We had t h a t ,  we had p l i e r s ,  v i s e  g r ips ,  channel locks ,  any- 
t h i n g  t h a t  could have done it, o r  a penci l .  

Yes, we l l ,  t h e  card I got  you wouldn't have f i x e d  it, and 
y e t  we were approaching t h e  second group. The card I got 
says no mat te r  what you do, i t ' s  going t o  be f i x e d  (laugh- 
t e r ) .  It w i l l  be f ixed.  

Well, I j u s t  wanted t h a t  t o  get  i n  t h e  record. I n  f a c t ,  
we l i k e d  t o  work t h e  malfs; it was kind of something new, 
it got  everybody sharp and on t h e i r  toes  and watching what 
was going on. When you work a good nlalf, then they s a i d  
no t h a t ' s  aga ins t  t h e  r u l e s .  

I t e l l  you t h a t  w a s  a good one f o r  us.  It s a i d  it was not 
going t o  g e t  f ixed ,  and t h a t  was r e a l l y  grim. 

Do you want t o  discuss any a l t e r n a t e  procedures? 

You it off  so we l l  t h a t  we f igured t h a t  you were 
us ing t h e  vacuum system anyway. 

No, we don' t  play t h e  game t h a t  way. I don ' t ,  you know, 
we don ' t .  I f  t h e  t h i n g  says it f a i l e d ,  you know us ,  . . . 
we play it se r ious .  

We thought maybe t h a t  black phone had found i t s  way down 
t o  F l i g h t  and you guys had an understanding. According 
t o  t h e  r u l e s  of t h e  s i m  malf we weren't  t o  be l e t  i n  on it 
which would have been f i n e .  

We never played t h a t  game. I th ink  t h a t ' s  a r t i f i c i a l  t o  
be doing something e l s e  on t h e  telephone. You got  t o  Beep 
t h e  team i n t a c t ;  t h a t ' s  a s p l i t  between t h e  team. We 
always communicated exact ly .  I think it needs - Introduc- 
i n g  these  malfs ,  you've r e a l l y  got  t o  l a y  a l l  t h e  d e t a i l s  
down, otherwise t h e  malf can be changing as  you go, and 
t h a t ' s  - you c a n ' t  even play t h a t  one, where you've got  a 
migrating symptom. While I ' m  on it, it br ings  up a good 
example, t h e  malf on 12 t h a t  they introduced. I n  o the r  
words, he s a i d  . . . a broken l i n e  between t h e  e lec t rodes ,  
o r  something e l s e  l i k e  t h a t ,  you know i n  t h e  harness.  So 
we s a i d ,  w e l l ,  t h e  t h i n g  w e ' l l  introduce,  and w e ' l l  make 
it very d i s c r e t e  i s  t h a t  the re  i s  a break a t  t h e  connec- 
t i o n ,  t h e  p in  connection, f o r  t h e  ground lead.  We s a i d  
t h a t  i s  our f i x  and w e ' l l  see how - t h a t ' s  our problem 
and w e ' l l  see  how t h e  ground handles it. They ended up 
changing out  t h e  harness and changing out  t h e  harness 
g ives  you a new connector and t h a t  cured t h e  problem rig!:+. 
the re .  



ALEXANDER That points  out how good the SIMSW exercises were, be- 
cause t h a t ' s  t h e  f i r s t  time I knew t h a t  was a s i m  problem 
( l augh te r ) .  I thought t he  th ing t h a t  got stepped on i n  t he  
walkthrough it f i n a l l y  l e t  go. And t h a t  s a t i s f i e d  niy own 
ana lys i s  of t h e  problem, t h a t  it was a bad deal  t o  begin 
wi th  - - 
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The SIMSUP says you haven' t  connected up an e lect rode - - 
Well, he ' s  a bad guy. He's b i t  me a l l  through t h i s  mission. 

MlTSGRAVE That would have made it very simple, because we would have 
looked a t  t he  problem, t h a t  we would have cured it onboard. 
We'd have looked and seen it and sa id ,  we l l ,  the f i r s t  
t h ing  you go and see i f  you connected a l l  t h e  electrodes. 
So we thought, hey, we got an exercise;  l e t  the  ground ge t  
i n  on t h i s  one a l i t t l e  more. So - - 

SAWIN I f igured  it was S tory ' s  t u r n  t o  b i t e  t h e  b u l l e t ,  so  I sa id  
I ' m t h e  s i b  j ec t  , you do whatever you want ( laughter ) . 
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I d id  not connect the  ground electrodes on t he  l eg ,  but  I 
s a i d  t h a t  is  not the  problem. And the  TV was on so  I d idn ' t  
want any chance of you guys seeing t h a t  so I did cross them 
over l i k e  t h i s  and tape them so t h a t  they were connected 
physical ly  but  t he r e  was no e l e c t r i c a l  continuity.  I s a i d  
t h e r e  i s  a pro-~lem i n  t he  connection t o  t he  pin t he  ground 
p i n  there .  

Okay, wel l ,  then you played it along t h a t  s c r i p t  then,  
because we asked you t o  ve r i fy  t ha t  the  electrodes were 
on. I n  f a c t ,  I think you even came back and s a i d  do you 
want us t o  Jse  t he  meter? 

Yes. 

But i f  you were going along with what you were jus t  saying, 
you would have sa id  yes,  t h e  electrodes a r e  a l l  r i g h t .  

Yes , I would have. 

I f  you had t o  - you had t o  go along with t h e  game a t  t h a t  
point .  Well, I th ink  t h e  PE's f o r  12 - and the  P I ' S  got 
on t h a t  one good too. 

But B i l l  bought it, you know. He says - he bought it. He 
says ,  "the da t a ' s  - we can l i v e  with it; we can f i l t e r  t h a t  
s t u f f  out." Well, I d idn ' t  want t o  l e t  h i m  buy t he  bad, 



you know. We wouldn't have - we wanted t o  pursue it fur-  
t h e r  and I ' m  surpr ised - I s  B i l l  here? B i l l  Crosier .  He's 
saying go with it. Well, we only pursued it f o r  a few 
minutes, you know, so I d idn ' t  want t o  go with t h a t  kind 
of data.  So I pressed him, you know, don't l i k e  it, you 
got any other  ideas. Well, change out t he  harness. Change 
out t h e  harness would have f ixed it, so we went. 

ALEXANDER Tnat was good. 
- 

MUSGRAVE Anything more on 6? 

ALEXANDER Tom, you got any more questions? . 
ROGERS No. 

SAWIN, I t ' s  a two-man job, though, t o  make it go smoothly. When 
I was able  t o  heip Story and when Bob was able  t o  help  
Story,, it ju s t  went r e a l  well.  If he has t o  do it a l l  
himself, i f  he has t o  get  up from h i s  work t a b l e  go put 
some r a t s  t o  bed come back and work on them one at a 
time - - 

MUSGRAVE Breaks t h e  continuity of t he  production l i n e .  But you guys 
were lucky on t h a t  malf. I was s e t t i n g  up f o r  using t h e  
s k e l e t a l  muscle apparatus, t he  t r e a U e ,  you know, at  100- 
pound ca l i b r a t i on  weight. You know, on the  head and it 
was t h a t  o r  t h e  gig ,  and I d idn ' t  l i k e  e i t he r  of them, but  
I was s e t t i n g  up f o r  t h e  t r ead l e  ( l aughte r ) .  

ALEXANDER Maybe it was your onboard mother t ha t  was r e a l l y  lucky t h a t  
he d idn ' t  have t o  clean up t h e  mess. 

SPEAKER . He d idn ' t  l i k e  t h a t  very much ( laughte r ) .  So he kind of 
bent me around t he  other way. 

SAWIN suggested you t r y  t he  noose approach. But then I s a i d  
you're overdoing it, Story. He's s i t t i n g  there  (sound 
e f f e c t s )  ( l aughte r )  and t he  head about f e l l  o f f .  

CLARK There's nothing but a s l i v e r  of skin  l e f t  holding t h e  
head up. 

SAWIN " ~ e ' s  r e a l l y  dead, Story" ( l aughte r ) .  

MUSGRAVE But I ' l l  t e l l  you t h a t  was grim. 

SAWIN He sa id ,  "I don' t  want him ge t t ing  up on TV" ( l augh te r ) .  
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Yes. I d i d n ' t  want t o  do something and ge t  him up on t h e  
t a b l e  where everyone's watching me work and have t h e  r a t  
jump up and s t a r t  f l o a t i n g  around ( l a u g h t e r ) .  That would 
have been r e a l l y  bad. So I was - but  it t u r n s  out  t h e  neck 
w a s  breaking j u s t  l i k e  t h a t .  So it was r e a l l y  humane and 
i n  terms of t h e  science,  it r e a l l y  got  t h e  job done. 
Rea l ly  worked a l l  r i g h t .  l a e n  you came up, you wanted a 
TV documentary I s a i d  uh ( l augh te r  ) . I s a i d  you don' t  want 
t h a t .  Yes, we do. I s a i d ,  no, you don ' t  ( l a u g h t e r ) .  Yes 
we do. You know i t ' s  r e a l l y  grim. Well we know, but  we 
want it. And I sa id ,  God, i t ' s  got  t o  work t h i s  time. 

Chuck go t  s i c k  over it a l l .  

And t h e r e  was SIMSUP again,  every time t h e  door opened, 
it was bad news ( l augh te r  ) . 
SIMSUP had him g e t t i n g  s i c k  a f t e r  t h e  9-C. But with a 9-C 
and doing t h a t  t o  t h e  r a t s ,  t h e  timing was outstanding.  

I hzd Story  doing them r i g h t  alongside of me so  I could 
crack him and I guess everyone thought I got nauseated a 
couple of t imes.  

W e l l ,  you can thank Bunny f o r  t h e  real ism t h e r e  too ,  you 
know you'd j u s t  got ten  away from your family c a l l  a t  t h a t  
t ime,  and she cane back wi th  a long look on her  face  and 
s a i d ,  "Poor Chuck," and it was t o t a l l y  r e a l i s t i c  t h a t  you 
f l aked .  

So Me1 asked h e r  how was I doing. She s a i d ,  "I h e ~ l r d  he 
vomited'' ( l a u g h t e r ) .  She was i n  with ... SIMSUP. Every- 
body w a s  iil  with SIMSUP. 

Well, it was they were a l l  r e a l i s t i c .  

A l l - I  go t  were many curses ,  because a l l  I had t o  do was 
e a t  and go t o  bed f o r  t h e  r e s t  of t h e  n ight .  Story s a i d ,  
I ' l l  t r a d e  with you ( l a u g h t e r ) .  

Yes, I th ink  we'd b e t t e r  go on t o  7 and 8. 

Why don ' t  you cover 7, 8, and 9? 

Okay. I '  11 cover 8. Okay. On 7 ,  we had probably a 
combination of software and hardware problems; they were 
minor. Al can speak about da ta  recovery. But I th ink 
t h e s e  problems t h a t  we had sometimes delayed the  onset  



on t h e  experiment run but  they d i d n ' t  o f t en  preclude 
a c q u i s i t i o n  of t h e  da ta  we needed. 

MUSGRAVE I t ' s  worthwhile saying t h a t  i n  t r a i n i n g  it wasn't u n t i l  
1 0  days be fore  going t o  run t h a t  t h e  crew had an end-to- 
end run on 7, 8, o r  9. 

SAWIN We were bese t  by PDP-8/~ memory problems, and it wasn't 
u n t i l  j u s t  p r i o r  t o  t h e  onset of t h e  in tegra ted  s i m  t h a t  
we had t h a t  squared away. These probl.ems were i n t e r m i t t e n t  
and were d i f f i c u l t  t o  t r a c e  down, and we had t h e  l o c a l  
r epresen ta t ive  f o r  DEC out here on two occasions going 

. through h i s  r a i n  dance, and s t i l l  he r e a l l y  couldn' t  p in  
down every problem. I th ink  t h e r e  s t i l l  is another pos- 
s i b i l i t y  based on a shutdown occurrence t h e r e  where we cu t  
t h i s  i n t e r m i t t e n t  power o f f  of some of t h e  gear when they 
had a l ready turned off  t h e  whole system on Sunday. But 
t h e r e  may have been some, perhaps, ac spikes o r  t r a n s i e n t s  
going through t h e  system occas ional ly  t h a t  would cause 
d i f f i c u l t y .  But b a s i c a l l y ,  we could have benef i ted  from 
a l i t t l e  more time p r i o r  t o  t e s t  on 7 f o r  each us t o  l e a r n  
t h e  technique. I th ink  t h a t  would have increased t h e  d a t a  
recovery. And I was supposedly t h e  PI  on t h i s  and I d i d n ' t  
know one of my options was t h a t  everytime I compressed t h e  
ca rd iac  output  but ton,  I could ge t  a cardiac output 
maneuver o r  I would have done it more f requent ly .  

MUSGRAVE Yes. We picked t h a t  up r e a l  time; we might a s  wel l  do it 
every minute. 

SAWIN A t  l e a s t  more frequently.  That was a small communication 
problem with  my own coworkers, but  b a s i c a l l y  t h e  run went 
smoothly and we got good data.  On 8, it w a s  a piece of 
cake; j u s t  r e a l l y  n ice .  Of course, I ' v e  had a l i t t l e  
experience on t h a t  one, so  has Story ,  and Bob was a super 
subject .  Never blew a run. And everytime they b r ing  him 
up and have him go through it, it went very n ice ly .  9 ,  we 
had problems p r i o r  t o  t e s t  with t h e  computer s taying up f o r  
an hour a t  a time. I d id  a shutdown on it occasionally,  
b u t  these  two runs,  t h e r e  were no problems. The only prob- 
lem - t h e r e  were no computer problems. The only problem, 
one time we d i d n ' t  make a hardcopy, but  we recovered t h e  
d a t a  by hand logging. 

MUSGRAVE Probably you want t o  put  i n  t h e  program and see what t h e  
o the r  one . . . you get  an automatic hardcopy when you 
reach a c e r t a i n  s tage .  Yes. The 9 ' s  s t u f f ,  as  long and 
b i g  a s  they a r e ,  j u s t  went t o  - t h e  computer j u s t  zipped 
r i g h t  through it, so did  we. 
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SAWIN So I guess i t ' s  up t o  Me1 and J i m  and Paul. 16 f a l l s  i n  
t h i s  same category,  might a s  we l l  h i t  it now. 

MUSGRAVE I ' v e  got  a few other  comments t h e r e  on t h e  p r a c t i c e  i n  
maneuvering. I t ' s  r e a l l y  n ice  t o  go i n  and p r a c t i c e  it 
and watch t h e  p l o t  out ,  but  I ' m  convinced tha t  some of  my 
card iac  outputs  during exerc ise  were l o s t  due t o  not put- 
t i n g  t h e  r i g h t  maneuver f o r   he machine. And I learned 
t h a t  i f  you r e a l l y  slow down, f o r  maximum i n s p i r a t i o n  t o  
occur, r e a l l y  slow down on those  f i r s t  puffs  and speed 
up towards t h e  end so it won't t r i g g e r .  And you r e a l l y  
had t o  keep it going because t h e  valve would s e a t ,  t h i s  
valve.  The Lloyd valve would s e a t  occasionally on you and 
a l s o  you ' re  a f r a i d  - you have t o  speed up more than i n  the  
l a b ,  you couldn ' t  go slow a s  you wanted t o ,  e spec ia l ly  from 
t h e  middle exp i ra t ion  on down because t h a t  spirometer w o ~ l d  
t r i g g e r  on you. You probably need a l i t t l e  more p rac t i ce  
t h e r e .  J u s t  one other  th ing.  I n  terms of our t a l k i n g  t o  
t h a t  computer program, we s t a r t e d  g e t t i n g  with it j u s t  t h e  
l a s t  week, b u t  t o  s t a r t  wi th  we had absolute ly  no informa- 
t i o n  as  t o  where t h e  program was going t o  l ead  us next .  
And I don ' t  mean t h e  whole program, because obviously t h a t ' s  
a s t ack  t h i s  b i g ;  I mean t h e  crew-computer i n t e r f a c e .  We're 
going t o  see  a l o t  of t h i s  I n  t h e  f u t u r e .  That when you 
pu t  i n  something, you ' re  asking t h e  computer t o  go some- 
where, you go t  t o  know where i t ' s  going t o  take  you before- 
hand. And we learned through t r a i n i n g  only that, when you 
do t h i s  t o  it i t ' s  going t o  take  you t h e r e .  But even then 
you d i d n ' t  know t h e  c r i t e r i a ,  you d i d n ' t  have t h e  l i t t l e  
diagonal  flow diagrams and a l l  t h a t  t o l d  you where t h e  
computer was going next. And when it was asking you t o  do 
something, you d i d n ' t  know exact ly  what your response had 
t o  be and what t h e  to ierances  were, and what would happen 
i f  you d i d n ' t  do t h i s  o r  t h a t .  There were so  many places 
you d i d n ' t  have any way of regrouping. I f  you ge t  i n t o  a 
9-C t h a t ' s  an hour and a hal f  t o t a l ,  i f  not 2 hours long,  
and i f  you go t  somewhere and you got  hung at t h e  end of 
t h e  experiment, you could have been running on t h e  b ike  f o r  
50 minutes and l o s e  it a l l  because of j u s t  not h i t t i n g  t h e  
space b a r  o r  some other  kind of th ing.  We need more f l e x i -  
b i l i t y  i n  t h e  program, o r  maybe more smarts; maybe we j u s t  
weren' t  s m a r t  enough. Probably i f  Don Mauldin was i n  t h e r e  
running it he 'd  have a way of regrouping it. So you need 
a way t o  ge t  back i n t o  t h e  th ing and you a l s o  ought t o  have 
flow diagrams, something l i k e  t h e  GSOP. Not f o r  everything 
of course, bu t  only f o r  t h e  - somewhat l i k e  the  CMC i n  
Apollo, where you'd know where t h e  computer's t & i n g  you 
and you know what decision i s  used t o  go t o  which ever 
p lace  you ' re  going. 
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The problems here were r e l a t ed  t o  t he  complexity of the  
hardware and the  software. I think t h a t  t h e  general 
agreement between Story and me i s  t h a t ,  Bob's experiment 
as ide ,  t h i s  was t h e  most complex, in tegra ted  s e t  of hard- 
ware onboard and therefore  most l i k e l y  t o  have problems. 
Don had a tremendous load t o  develop a l l  t h a t  software, 
and th ings  went along p r e t t y  well  f o r  a period of time, 
then we,had these  previously mentioned hardware problems 
t h a t  s t a r t e d  eat ing him up because he couldn' t  be develop- 
ing h i s  programs when the  machine wouldn't respond t o  him. 
That ' s  a c r i t i c a l  time there ,  perhaps t h e  l a s t  3 weeks 
p r io r  t o  launch. He couldn't get  i n  and put t h e  f i n a l  
touches on these  formats and programs because t he  hardware 
wouldn't r eac t .  So there  were a l o t  of things involved 
t h a t  brought us r i g h t  up t o  t he  l i n e  there  before we were 
ready. And I guess it jus t  says t h a t  i f  you're going t o  
undertake such a complex s e t  of experiments as  t h a t  in te-  
gra ted through one computer, you're going t o  have t o  have 
a l i t t l e  more time t o  get  it done. Besides which, t h e  
hardware i t s e l f  i s  a piece of equipment t h a t  we've been - 
t h e  PDP-8 - t h a t  we've been using fo r  f l i g h t  support s ince  
Apollo 15. I t ' s  i n  i t s  four th  configuration and anyone 
who has dea l t  with computers knows they d.ontt l i k e  t o  be 
remounted and moved l i k e  t h a t  and t h i s  one has been a l l  
over t he  world. So c r ed i t  t h a t  t he  th ing even runs. I 
f e e l  we were a l i t t l e  lucky t h a t  we d idn ' t  have more 
t rouble  than we did. Basically,  I think we recovered what 
we wanted. 

MUS GRAVE The PI 'S  deserve an awful l o t  of c r ed i t  f o r  t h e i r  support. 
They'd be i n  the re  running those things a t  9 or  10 o r  11 
o'clock a t  n ight ,  Saturday and Sunday. They had the  whole 
gang out t he r e  Rummel, Mal, Don, everybody. Everybody 
was there .  But they deserve a l o t  of c r ed i t  f o r  t h e i r  
support. 

ALEXANDER Certainly a very dependable team. 

BUDERER I would l i k e  t o  s o r t  of t u rn  t h a t  and say t h a t  I think we 
got a 90 percent day recovery i n  s p i t e  of a l l  t he  minor 
problems . . . And I think t h a t ' s  l a rge ly  due t o  t h e  
crew's wil l ingness t o  s t a r t  over again i f  t he  computer 
f a i l e d  ear ly  i n  the  protocol or  t o  do a few ex t ra  maneu- 
vers  . . . 

MUSGIinVE Did you cor re la te  the  time of day a t  a l l ?  I think t h a t  the  
cardiac output a t  night ,  considering t he  s t a t e  t ha t  you 
were i n  by t he  time 8 or  9 o'clock ro l l ed  around, i s  
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reasonable. I nean about - We were h i t t i n g  a  second, t h i r d  
o r  four th  wind about t h a t  time, and I t e l l  you we were 
pushing. 

One of t h e  th ings  I was i n t e r e s t e d  i n ,  primarily, . . . 
No, I don' t  th ink  the  valve was changing, I th ink you're 
j u s t  g e t t i n g  it slow a s  you can. You know you're running 
along t h e  edge of t h e  c l i f f ,  you ' re  g e t t i n g  as  slow as  
you can wi th  t h e  maneuver without going too  f a r  and l e t t i n g  
it dump. 

. . . threshold  of . . . 
I don ' t  th ink  so; I don ' t  th ink so. 

I had probably made t h a t  comment t o  you, Mel. Had t h e  
f e e l i n g  t h a t  - sub jec t ive  and t h e o r e t i c a l l y  it c a n ' t  change, 
i t ' s  a software not hardware. 

What about t h e  c a t h e t e r ?  I never d i d  r e a l l y  understand. 
We changed t h e  - Did you guys change t h e  ca the te r  a f t e r  
t h e  evening of day l ?  

Yes, when I go t  s ick .  The ca the te r  happend t o  plug a t  
t h a t  moment. It plugged because of my mucus sec re t ing  
through . . . They were - - 
Mucus, macaroni and chese, whatever ( l a u g h t e r ) .  

They were s a l i v a t i n g .  I guess they got  exci ted  each time 
they  ran  ny experiment. 

You d i d n ' t  l i k e  t o  e a t  while I was on t h e  mouthpiece. It 
w a s  hard t o  s t o p  i n  i t s e l f .  

So, t h e  f i r s t  f i x  t h a t  Story d id  was t o  swap t h e  c a p i l l a r -  
i e s ,  t o  go t o  two 6-foot c a p i l l a r i e s  which - t h e  ones we 
have on t h e r e  normally a r e  10 f e e t  i n  length .  So when you 
go t o  a  s h o r t e r  c a p i l l a r y ,  you change t h e  t r a n s i t  time 
through t h e  c a p i l l a r y .  The computation i n  t h e  software i s  
based upon a known t r a n s i t  time t o  keep phase rel-at ionships 
between volume and gas ana lys i s  throughout t h e  tube .  When 
you change t h a t  you got  higher oxygen ccnsumption r a t e s ,  
g o t  some r e a l l y  squirrely-looking d a t a  t h a t  one night .  So 
next da.y I took a  10-foot cap i l l a ry  and washed it. And by 
t h a t  I mean I took a  GC syringe,  pushed some of tha,t  stand- 
a r d  cleansing agent ,  GSA, whatever it was - s t u f f  off  our 
pantry a r e a  through i t ,  then some water ,  Flushed it wi th  
knything I could f i n d  t o  c l e a r  it. 
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. . . you s t a r t e d  washing your mouth with soap before you 
g o t  on t h a t  th ing.  

Air-dried it, put  it back on and checked it ou t ,  and we 
had no problems a f t e r  t h a t .  

But t h e  10-foot d i d  s t a y  on? 

Yes. The 6-foot was on only t h a t  one night .  Pardon me? 

The 6-foot c a p i l l a r y  w a s  only on on day 1 i n  t h e  evening. 

It wasn't  day 1, it was day 3. 

Was it 3 when you . . . Yes, it was, it w a s  t h e  first X-6 
day. 

When I go t  s i ck .  

Story ,  I ' d  l i k e  t o  apologize a l i t t l e  b i t  about t h e  black- 
box na tu re  of t h e  systems. You know we had planned t o  have 
a l o t  more downlink from t h e  8 system. Next go-round we 
w i l l  have t h a t ,  so  w e ' l l  have a l o t  more diagnostic  capa- 
b i l i t i e s  as wel l  a s  real-time data.  We j u s t  d idn ' t  ge t  
t h e  hardware i n  time. 

Yes, t h i s  wasn't  what was bothering me . . . j u s t  more 
information on t h e  main computer. 

I guess I addressed t h e  in - f l igh t  support,  but  I a l s o  wanted 
t o  say a word about t h e  t r a i n i n g  support on t h i s  one. Some 
P I ' s  would l e t  t h e  techs  do most of t h e  t r a i n i n g .  Well, 
t h a t  works t o  a c e r t a i n  - it w i l l  get  you t o  a c e r t a i n  
l e v e l .  But having t h e  P I ' S  t h e r e  where you can ask him, 
and where he can be point ing out  t h e  l i t t l e  s u b t l e  th ings  
you ' re  doing, a f f e c t  t h e  q u a l i t y  of t h e  science and i t ' s  
r e a l l y  important.  I t ' s  good f o r  crew motivation, but  a l s o  
they have a PI  t h e r e ,  he can be even devising ways of in- 
creas ing t h e  mount of science you ' re  going t o  get  back. 
That was r e a l l y  important i n  these  7, 8, and 9 ' s  a l s o ,  t o  
have t h e  P I ' s  here  at a l l  t r a i n i n g  sess ions .  It helps t o  
maximize t h e  s c i e n t i f i c  r e t u r n .  Some of t h e  technic ians  
a r e  r e a l l y  good i n  terms of t h e  science a l so .  But you can 
tend t o  l o s e  some i f  you're not g e t t i n g  t h e  feedback of 
what l i t t l e  th ings  you may be doing t h a t  m a y  be degrading 
t h e  science.  

Is t h a t  it f o r  those th ree?  Lou has arranged t o  have cof- 
f e e  ava i l ab le  i n  room 234 and w e ' l l  break f o r  5 o r  10 
minutes and then resume. 



Okay, I th ink  we've coccluded 7 ,  8, and 9 and l e t ' s  press 
on with 10.  

SAWIF Okay, f i r s t  of a l l ,  I 'd l i k e  t o  thank Me1 and J e r ry  and 
everybody associa ted with it because they were always t he r e .  
I f  we ever had a question,  they of fe red  an answer. I don' t  
know how our data  looks t o  them, but t he  support was always 
t he r e .  The hardware was t e r r i f i c .  The only problem we had 
was t h a t  day 1, walking i n  the re  I was t i r e d  and every 
switch was i n  t h e  wrong pos i t ion .  It r e a l l y  tweaked ~ . e .  
So once we got over t h a t  hurdle ,  it was a piece of cake. 
And all I had t o  remember was t o  tu rn  on the s t r ip-char t  
recorder ,  which I occasionally forgot .  The only other 
problem I'm r e a l l y  aware of is  t h a t  one time, during an SAA 
l a t e  i n  t he  t e s t ,  I chose t o  s top t he  FR-1300, s top She 
time-code generator and t h e  s t r i p  cha r t ,  and go ups t a i r s ,  
do t h e  SAA, and come back down and s t a r t  them. I r e s t a r t ed  
t h e  1300 and the  s t r i p  char t  and d idn ' t  r e s t a r t  t h e  time- 
code generator. But they could see it on t h e  ground be- 
cause they were looking a t  the  record and playback on those 
channels and they caught it r i gh t  away. From ruy point of 
view, it went r e a l  smoothly. The changes t h a t  were sent  
up t o  do t h e  cupulogram on Bob Clark were very good with 
only one problem, which was obvious t o  ne,  and I cleared 
it with Mel, by r e s e t t i n g  one switch t h a t  hadn't been 
ca l l ed  ou t .  That t e s t  went extremely wel l ,  too.  I th ink  
it was jus t  polished and smooth and no problems. We had 
t h e  p r e t e s t  problems of picking up a r e a l  f ine  ECG: which 
we'd seen in te rmi t ten t ly  over i l l  the  l ab  during ea r ly  
t r a in ing ,  and xnich was cured by pu t t ihg  a l i t t l e  insula-  
t i o n  on t h e  chair .  Those a r e  qf impressions; I don' t  know 
what yours a re .  

I d idn ' t  r e a l l y  have any more questions. I was more i n t e r -  
es ted  i n  how it went f o r  you, pe r s i s t en t  problems . . . 
. . .  

IYRTSGRAVE These are good, those  goggles work, and I learned - I 
learned.  You have t o  p r ac t i c e .  You l i f t  them ~p so you 
ge t  the  s e a l ,  ins tead  of pu l l ing  them way down here and 
you can go ahead lif't them up and use t h a t  bridge i n  through 
here.  You need t o  s i t  down and prac t ice  with them. You 
need t o  s i t  down i n  t h e  cha i r  by yousself and get  them. 
And not only do you s i t  t h e r e ,  but  you need t o  ro t a t e  be- 
cause the  l i g h t  comes from d i f f e r en t  angles down there .  
Once you prac t ice  with them, t hey ' r e  r e a l l y  neat .  
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Yes. 

I ' d  watch you on t h e  TV, you know, kind of moving around - - 
Yes, but  t h a t ' s  ge t t i ng  it r i g h t .  You can ' t  jus t  s lop 
them on t he r e ,  you've got t o  put  them on there  r i g h t .  Then 
you've got t o  ro t a t e  and get  t he  angle from - the  l i g h t  i s  
coming from d i f fe ren t  angles and then s e a l  off  every l i t t l e  
th ing .  And it can be done. 

One t h ing  t h a t  bothered me on t h e  science s i de ,  because of 
qy l ack  of understanding about t h e  objectives of the  sc i -  
ence was t h e  f ac t  t h a t ,  as I ta lked  over with you a couple 
of t imes,  qy subject  could l i t e r a l l y  tu rn  on or  t u rn  off  
t h e  response t o  a c e r t a i n  ex t en t ,  t h a t  being ocular nystag- 
mus and I d idn ' t  understand why you would want t o  have h i m  
enhance it volun ta r i ly ,  r a t h e r  than t o  try and not a f f ec t  
it, t r y  and be a passive subject .  

I th ink  you're looking a t  t h e  cha rac t e r i s t i c s ,  and i f  i t ' s  
t he r e  then you can see  them. 

The major parameters don't r e a l l y  change, i t ' s  jus t  t ha t  
you can completely shut it off  i f  you have a passive sub- 
j ec t  . . . 
Okay, so  t h e  more t h e  enhancement t he  b e t t e r .  

The b e t t e r  o f f  you a re .  

Now i n  running t o  Bob, I was concerned t ha t  - one time, 
t oo ,  I t r i e d  t o  run him during t r a i n i n g  - he had a l i t t l e  
b i t  of a nervous f l i c k  i n  h i s  eye occasionally and I thought 
t h a t  t h a t  would bother us .  But it worked out beau t i fu l l y  
because t he r e  was no base l ine  d r i f t ,  and he went through 
t h a t  t e s t  jus t  r e a l  sharply.  We had no problems. 

It was j u s t  - t h e  experiment came on very, very ea r ly .  The 
a t t en t i on  t o  d e t a i l ' s  what d id  it. I th ink  it was - What 
w a s  i t ?  A month and a h a l f  o r  2 before we had basel ine  
da ta  and we had good procedures. About 2 months before 
going t o  run. 

W e  walked i n  t he  f i r s t  day and had good procedures . . . 



MU SGRAVE - .  
It was a t t en t ion  t o  d e t a i l  and looking a t  what t h e  t ask  
is  and saying well  I ' m  not going t o  touch anything up here ,  
I 'm not going -to do anything unless I wr i te  it down. It ' s 
f a n t a s t i c  a t t en t ion  t o  d e t a i l  t h a t  got everybody there  
t h a t  e a r l y .  

SAWIN The hardware was superb. Never had t o  recharge t h e  ba t t e ry  
on t h a t  ampl i f ier  and never had t o  tweak any-thing, except 
t h a t  one time -den we had t h a t  ECG anomaly. Other than 
t h a t ,  it was very nominal, which was good from the  opera- 
t o r  viewpoint. 

MUSGRAVE On t h e  initial setup of controls  and ilisplays and a l l  t h a t ,  
we got burned l a s t  time on t h e  - on some of t h e  g a b s  and 
s t u f f  on t he  f i r s t  sim on the  dogs, maybe on one other 
experiment. But I th ink  even though we got akray with it 
this time, i t ' s  n i ce  - i t ' s  much f a s t e r  t o  go i n  the re  be- 
cause you've got so many controls  and %splays. But I 
th ink  when we get t o  f l y ing ,  I jus t  c a n ' t  believe tha t  the  
crew w i l l  f i n i s h  up a t  some in tegra t ion  f a c i l i t y ,  or  even 
i f  i % ' s  down at t h e  Cape, hor izontal .  I can ' t  bel ieve 
t h a t  between t h a t  point  and going v e r t i c a l  and all the  
o the r  th ings  t h a t  a r e  going t o  happen - I th ink  when we get  
t o  f l i g h t  f o r  t h e  f i r s t  run on t h a t ,  you ' re  going t o  have 
t o  go over absolute ly  everything and ver i fy  your place.  
I j u s t  don' t  th ink  we can r e l y  upon t ha t  process.  I n  all  
previous space programs, when you f i r s t  got i n to  o r b i t ,  
you went through, and even i f  the  switch, you're never go- 
i ng  t o  touch it, t h e  philosophy was go look a t  it, and put 
it o r  verif'y i t ' s  t he r e .  And so  I th ink  - I ju s t  don ' t  
be l ieve  we can go from t h a t  t o  t h i s  and launch and every- 
t h i n g  and r e l y  upon everything being t he r e .  So even though 
we d idn ' t  play t h a t  game and we r e l i e d  upon things being 
where we knew they always had been o r  should be. I think 
probably the  next sim we ought t o  - t he  f i r s t  time we hit 
t h a t  experiment we should go through a ve r i f i c a t i on  of 
everything i s  where it ought t o  be.  I th ink  we need some 
th ings  l i k e  t h i s  t o  point  t h a t  ou t .  

CLARK On t h e  goggles. I n  t r a in ing ,  we had considerable t rouble  
wi th  t h e  goggles we used then. And t h e  goggles we used 
t h i s  time I had no t rouble  wi th  whatsoever and t h a t ' s  a 
r e a l  compliment t o  t h e  goggles considering t ha t  they've 
got t h i s  nose t o  work with. The second th ing  was on the  
cupulogram t h a t  ran on Saturday, is  t h e  - the re  was some 
concern about t h e  s t a b i l i t y  of t h e  chair  i n  t h e  hor izontal  



RESCHKE 

SAWIN 

SAWIN 

ALEXANDER 

ax is .  No problem with t h a t  whatsoever; t h e  only th ing I 
could f e e l  was when I had qy hands on t he  chair  I could 
f e e l  a s l i g h t  m i b l i n g  of t he  cha i r .  So by put t ing them 
on rqy knees, I f e l t  no v ibra t ion  whatsoever. 

There was some concern about t h e  chair  being s l i g h t l y  off 
v e r t i c a l  . . . 
Well, i n  conclusion, it was n ice  t o  have you guys there  
and a t t en t i ve  and from, you know, from the  operator point 
of view it r e a l l y  makes a difference i n  your a t t i t u d e .  

Well, I was sorry  t h a t  I couldn ' t  get  back t o  Story with 
something more f o r  t r y i n g  f o r  just generatfng spontaneous 
nys t agmus . 
A l l  he has t o  do i s  s i t  t he r e ,  h e ' l l  do it. 

I ' v e  got a couple of th ings  t o  say about 10. You can ' t  
say enough about t he  PI/PE team f o r  t h i s  one because we 
dug J e r r y  Homick out of h i s  garage with paint  all over him 
one day. We drug both of t h e  guys out a t  almost midnigllt 
t o  run the  mod procedure. We a l so  asked them t o  go back 
and do outside sound pressure l e v e l  measurements around 
t h e  mockup i n  the  middle of t h e  night .  We d s o  asked them 
t o  bu i l d  procedures t o  do ins ide  SPO measurements. These 
guys r e d l y  came through. And what you s a id  about them i s  
c e r t a in ly  t r u e  and i t ' s  evidenced by the  success of t h a t  
experiment. One t h ing  I 'd say about you, Chuck', though, 
i s  t ha t  your understanding of those  procedures, the  depth 
at which you understood what you were doing, was obvious 
when you ac tua l ly  found a g l i t c h  i n  our procedure t h a t  we'd 
wr i t t en  on t h e  ground t o  do t h e  mod, t o  do the  specia l  run. 

One t h ing  t h a t  bothered me i s  Bob was always working on the  
GDP, you know, j u s t  t o  f ind  out if there  was anything going 
on down the re  because he learned t h a t  the re  was a develop- 
ment f i l e  t h a t  he had access t o ,  so  he might give us an 
8-hour-ahead look a t  what was coming tomorrow. He'd go up 
t he r e  and bang i n to  t h a t  system and he handed me the  pro- 
cedures t h e  night  before and he s a id ,   ere's what you ' re  
gsing t o  be doing tomorrow," so  I had then  a l l  pasted i n  
t h e  book and annotated. Then I got a c a l l  the  next morn- 
i ng  t h a t  s a i d  those  weren't  approved. 



MUS GRAVE F i r s t  c a l l  w a s  they hadn ' t  been s e t  ye t .  Well, we got 
them but  t h e  problem there  i s  I +,ho~:ght they 'd  been ap- 
proved o r  they wouldn't have been i n  the re .  But looking 
at  t h e  way t h e  GDP was s e t  up, t h e  procedures people were 
bu i ld ing  up those  f i l e s ,  t h e  same f i l e s  t h a t  we had access 
t o .  And i f  t he r e  ever i s  such a  l i n k  avai lable  fo r  up- 
l i nk ing  procedures I recommend t h a t  the  buildup of t he  
procedures and t h e  buildup of t h e  th ings  t o  be uplinked 
t a k e  place i n  a  d i f fe ren t  f i l e  so we don' t  have access t o  
them, and a t  t he  time t h a t  t hey ' r e  approved they would 
simply be t rans fe r red  over t o  a f i l e  t ha t  we do have access 
t o .  Also i n  t h e  f i r s t  - when we l o s t  the  commthe f i r s t  
day, t h e  f i r s t  day o r  t h e  second day - we l o s t  communica- 
t i o n s  before ,  about t h e  same time we l o s t  comunications 
I was looking fo r  shopping l i s t s  and found the  th ing  that, 
s a i d  t h a t  he l o s t  communications. So we were able  TO do 
some work on ge t t i ng  t h a t  back. 

ALEXANDER I th ink  using another f i l e  would take care of t h a t  problem. 3 
I th ink  i t ' s  obvious - it should be obvious t o  you a l l  what 
we were doing however. We had t o  take these  things t o  t h e  
board t h e  very next cycle of t h e  board, 24 hours a f t e r  we 
were bu i ld ing  procedures and we did not then want t o  have 
t o  go put procedures i n  high gear and t h e  checkl is t  and 
FA0 and t u rn  them upsidedown t o  get you those things i n  
time t o  use them. Especia l ly ,  we took t he  cardiovascular 
s t u f f  t o  t h e  board while you were s e t t i n g  up t o  do them. 
So it worked out f i ne .  

MIJSGRAVE Which points out something t h a t  t h e  Science Manager ought 
t o  have t h e  zuthor i ty  t o  change t h a t  kind of th ing ,  I 
would th ink.  

ALEXANDER Well - I th ink  t h a t ' s  poss ible .  i 
What happened on t h a t  was we had run them and then we got 
one s e t  of procedures and I looked a t  them and I s a i d ,  
Story,  we d idn ' t  do it exact ly  l i k e  t h i s .  Then we got 
another s e t  of procedures and I s a i d ,  t h a t ' s  exact ly  what 
we've done. Because they 'd  been changed. 

MUS GRAVE I ' m  not sure we did  it r i g h t ,  s ee ,  and i f  we had the  PI 
i n  the loop r e a l  t i m e  he could have t o l d  us wh&t he wanted 
and we could have done it f o r  him. I f  we had him r igh t  
t he r e ,  and we d idn ' t .  I ' m  s t i l l  not sure we got him the  
blood flows at exact ly  where he wanted it. 



ALEXANDER Well, as it turned ou t ,  you &?id. And you a l so  enhaxced 
t h e  value of  t h e  spec i a l  procedure by making your own 
suggestions t o  protocol and suggestions t o  measurements 
t h a t  you could take i n  addi t ion t o  what t h e  P I  had come 
up with.  I agree with you t h a t  t he r e  ought t o  be a b e t t e r  
loop t h a t  you don' t  have t o  wai t  24 hours t o  go t o  t he  
board and t r y  t o  get a spec ia l  procedure o r  a mod t o  an 
ex i s t i ng  procedure up t o  you. But we were playing t h i s  
time very s t r i c t l y  by t h e  ru l e s  t h a t  no one on the  loop - would be  able  t o  cut deals on t he  s i de  with t he  crew t o  
get  add i t iona l  information. 

. MUS GRAVE Yes, but  t h e  Science Manager, F l igh t  Director ,  and FAO, 
t h a t ' s  not  on t he  s i de .  That should be i n  l i n e ,  and I 
th ink  those  people ought t o  have t h e  author i ty  t o  make 
those  kind of mods. 

ALMANDER Well, I t h i r i  we could have pul led t h a t  o f f .  That wouldn't 
have been too b i g  a v io la t ion  with Glenn and you i n  t he  
loop. 

SAWIN I th ink  t h i s  i s  t h e  important philosophy i n  t he  future  
though as opposed t o  Skylab where anything was r i g id ly  
the  same forever.  You did  it 59 days, now do it 84, and 
we all knew t h a t  i n  most cases th ings  had plateaued and 
perhaps we could f i nd  out m r e  information by changing 
protocols i f  not hardware. This was a very productive 
day fo r  u s .  We f e l t  r e a l l y  enthused about t ry ing  these  
suggestions.  And so  t h a t  may be where i t ' s  a l l  going t o  
come together  as t o  t h e  t r u e  value of Spacelab operations, 
when you have a team t h a t  can i n t e r a c t  l i k e  t h a t ,  you can 
get  addi t ional  information once you've plateaued on t he  
responses you were i n i t i a l l y  looking fo r .  

ALEXANDER Even though we were l i v i n g  with t h e  rules  t h a t  we had t o  
use t h e  board as a clearinghouse f o r  doing things l i k e  
t h a t ,  I would say i n  support of t he  board t ha t  those guys 
r e a l l y  were always there  and always w i l l i ng  t o  do every- - 
t h ing  they could t o  maximize t h e  y i e l d  from t h e  roission. 
We've gone over our problems with t h e  conservative approach 
t h a t  s a f e ty  took i n  t h e  t e s t ;  t h a t  doesn' t  need t o  be beat  
back anymore, but  t h e  board was t h e r e ,  they were there  on 
Saturday morning and, had we had a board meeting on Sunday 
morning, I th ink  they would have been out the re  for  t ha t  
too.  There was a l o t  of i n t e r e s t  shown by people on t he  
board. The l a s t  comment I have about 10 i s  it jus t  f e l l  



through t h e  crack. We ran i n t o  the  red goggle problem i n  - 
reading CRT 's  before .  We saw t h a t  i n  Huntsvil le t h i s  
summer and it should have been passed on, but  now t h a t  
i t ' s  happened i t ' s  an obvious th ing  t h a t  it does f i l t e r  
out  t h e  green - phosphor. 

MUSGRAVE I t ' s  no su rp r i s e ;  it happened on t h e  f i r s t  sim too.  

ALEXANDER So i t ' s  j u s t  something we've got t o  keep i n  mind t h a t  we 
can ' t  r e a l l y  expect t h e  dark-adapting crewman t o  go do a 
l o t  of productive th ings  where he has t o  read phosphorous 
and what -h ave-you . 

MUSGRAVE A couple more amusing incidents .  The f i r s t  one, I ' m  
supposedly f lushing t h e  ca the te r s  on the  dogs. Pul l ing 
back and pu l l i ng  back, looking f o r  blood. And Dennis i s  
looking at me. He says ,  "what are  you wait ing for ."  I 
got a syringe fill of blood. I couldn ' t  see with t he  red 
goggles. The other  one was t h e  chromatograph used red ink 
on the  f i r s t  one. A l l  these  peaks are  coming o f f  and I ' m  
repor t ing t h e r e  i s n ' t  anything there .  But it does diminish, 
not only i n  what you can see ,  it gives you a d i sor ien ta t ion ,  
t h e  red  goggles do. You ju s t  - you're not yourself  en t i re -  
l y .  I don ' t  know i f  you've got an explanation fo r  it but 
i t ' s  t r u e .  

ALEXANDER Well, you ought t o  ding your depth perception p r e t t y  good 
as  you d i l a t e  . 

MUSGRAVE Obviously, t h e  eye i s  more than a camera. You've got an 
in tegra t ion  process back here =d i t ' s  seeing d i f fe ren t  
t h ings .  It does give you a s l i g h t  d i sor ien ta t ion .  

HOMICK M i l  and I have a couple of quick questions.  Were we t he  
only experiment t h a t  had an onboard s t r ip -char t  recorder? 

MUSGRAVE No, the re  were a bunch of o thers  and thank goodness t h i s  
time we had t h e  takeup r e e l s .  

HOMICK Okay, and d id  you f ind ,  i n  our case ,  t he  s t r ip-char t  re- 
'? corder t o  be a valuable t o o l  i n  terms of . . . . 

SAWIN Oh, sure.  How e l s e  could you follow t h e  nystagmus? On a 
scope, it wouldn't be very meaningful. Maybe on a storage 
scope, but i t ' s  too f a s t  a response. I th ink  you need it 
on a s t r i p  char t .  



MUSGRAVE The chromatograph and t h e  echo were t h e  only other  two and 
t h e  echo r e a l l y  i s n ' t  e. s t r i p  char t ;  i t ' s  a p i c t o r i a l ,  a  
p i c tu r e .  So t he  chromatograph i s  t h e  only other  . . . 

SAWIN I th ink  i t ' s  - although i t ' s  b i g ,  i t ' s  required.  Part icu- 
l a r l y ,  i f  you had a problem, you could go back axd review 
t h e  whole run. Like one time when we got four cycles when 
we should have gotten f i ve .  I don ' t  know what happened, 
t h e  switches were i n  t h e  r i g h t  posi t ion . . . 

HOMICK 

SAWIN 

Chuck, what about t h e  layout of t h e  console? It zppeared 
t h a t  you had t o  stoop down t o  use t h e  s t r ip -char t  recorder. 

It would have been n ice r .  J u s t  l i k e  on X-14, on Mary's 
and Dick's, i f  t h a t  CRT monitor had not been mounted up 
overhead, r a t h e r ,  but  alongside t h e  scope. O r  i f  you could 
see  t h e  same things  going downlink when you were looking 
through t h e  scope, any of a number of th ings  human factor-  
wise might have been n ice r .  Well, I don' t  know, Glenn. 
I t ' s  a  distance between a f l o o r ,  o r  a top,  c e i l i ng ,  or 
whatever, and t h a t  it should be somewhere i n  t h e  middle. 
And i t ' s  down t h e r e ,  I had t o  s i t  on t h e  f l o o r  or be on ny 
knees. Of course, I was a l so  conscious of your t ry ing  t o  
view t h e  subject  through a caners. Sometimes it was t he  
forward camera looking through me at Story.  So, I ' d  
occasionally look over a t  t h e  monitor and see t ha t  I was 
standing r i gh t  between t h e  subject  and you so I ' d  get  down 
out  of t h e  way .  I d idn ' t  have t o  but, I did .  

MUSGFLAVE I n  Spacelab, you may keep a one-g o r i en t a t i on ,  even i n  
f l i g h t .  Like, you know, t h e  workshop i n  Skylab, you t r a i n  
f o r  years and years i n  one g and they kind of t r e a t ed  t h a t  
l i k e  one g. When they  got i n t o  space, they did  th ings  
about t h e  same way. Yes, bu t  :?hen you go i n t o  t he  bDA, 
which every time we t r a ined  i n  t ha t  we have a d i f fe ren t  ro- 
t a t i o n  according t o  what you had t o  do, it r e a l l y  screwed 
you up. And i n  f l i g h t  the re  was no up or  down i n  tha t  
th ing.  And i n  t he  Spacelab with a l l  t h e  t r a in ing  i n  one-g, 
I imagine you ' l l  probably put t he  foot  r e s t r a i n t s  a t  the  
bottom of t h e  run on t he  r a i l s  and probably t r e a t  t ha t  as 
up and down. 

I th ink  anything t h a t  requires  monitoring should be a t  
e i t h e r  a s i t t i n g  o r  a t  eye l e v e l  r e l a t i v e  t o  your normal 
reference.  



HOMICK Bob, d id  you have any t rouble  with t h e  portable sound 
l e v e l  meter o r  with procedures we sent  up? 

CLARK No. None whatsoever. I t ' s  a good instrument, and we 
whipped through it and it took I imagine en hour o r  some- 
t h i n g  l i k e  t h a t  t o  get  a l l  t h e  measurements. 

HOMICK One t h ing  t h a t  I d idn ' t  check with t he  procedures people 
y e t ,  but I have t h e  data .  The locat ions  apparently are 
by a number and I'm assuming t h a t  the re  must be a l i t t l e  
key somewhere t h a t  ind ica tes  vhere t h e  locat ions  were. 

CLARK Yes. 

HOMICK I guess I d idn ' t  get  t h e  e n t i r e  package. 

DELUCA There's another sect ion.  I thought I put t he  whole package 
together .  I ' v e  got a copy i n  there  and 1'11 give you one. 

CLARK There was a l i s t  of each loca t ion .  I added one locat ion 
i n  t he r e ,  I be l i eve ,  It was a measurement with t he  oven 
open. And all t h e  o ther  ones were by t h e  l i s t  t h a t  was 
provided i n  t h e  procedures. The one t h ing  I pointed out 
yesterday,  i s ,  i f  we're looking r e a l i s t i c d l y  at what noise  0 
l e v e l s  might be  l i k e  i n  t h e r e ,  i s  those probably ought t o  
be rerun with t h e  carpet  out of t h e  mid-deck because t h e  
t ime we did  t h e  dry run, a f t e r  t h a t  time they put the  car-  
pet  i n ,  we could - at l e a s t  I could perceive a difference 
i n  t h e  sound l e v e l  i n  the re  because of t h e  carpet  being i n  
t h e  mid-deck. 

CRESS The o r ig ina l  s t i l l  s h o ~ l d  b e  onboard. 

HOMICK Well, I have a copy of . . . 
ALEXANDER Lou jus t  went t o  get  you one and t h e  Data Manager now has 

logged a complete s e t  of data  and procedures so you can 
ge t  it out of t h a t  system too.  We b e t t e r  go on with 11 
i f  you guys are  wrapped up. 

CLARK One other t h i n g  t h a t  was brought up was t h e  noise of t h e  
s t r i p  char t ,  and t ha t  you could hear it when you were i n  
t h e  chair .  Was t h a t  any pa r t i cu l a r  e f f e c t  t o  your data? 

ALEXANDER Yes, it  was t h e  t imer.  The time code . . . 



RESCHE That can cause an o r i e n t a t i o n  problem. Story  i s  an excel- 
l e n t  subject  f o r  t h i s  s o r t  of t h i n g  because he seems t o  be 
able t o  ignore a  l o t  of  t h e  d i s t r a c t i n g  inf luences .  

MUSGRAVE I t ' s  j u s t  them doors banging wi th  t h e  wind. That d i d n ' t  
bother  e i t h e r .  But it w a s  i n t e r e s t i n g ,  have them r a t t l i n g  
oiit t h e r e  wondering i f  t h e  wind was blowing. That was 
about t h e  only input  - t h a t  came up yesterday.  We were 
r e a l l y  t o t a l l y  i s o l a t e d  i n  t h e r e  and you know it f e l t  l i k e  
a  spacecra f t .  I f  nothing e l s e ,  even i f  you heard it,  it 
d idn ' t  do anything, you know. I t ' s  j u s t  l i k e  t h a t .  But 
t h e  doors r a t t l i n g  out t h e r e ,  you know, you could r e a l l y  
hear them. 

CLARK The procedure f o r  t h e  cupulogran seened t o  be l e s s  sens i -  
t i v e  t o  sub jec t  concentrat ion than t h e  regu la r  procedure. 
That was an enjoyable r i d e .  

MUSGRAVE Eleven went outs tanding,  Larry and Carolyn, without a  h i t c h .  
It was good from t h e  beginning. Of course,  I had plenty  
of experience with t h e  f i r s t  s i m .  Human f a c t o r s  was ex- 
c e l l e n t ,  procedures was e x c e l l e n t ,  p lenty  of systems t ra in -  
ing ,  malfunction *ra in ing,  got p lenty  of t h a t .  I was r e a l l y  
q u a l i f i e d  t o  i n j e c t  t h e  dyes and follow t h e  c i r c u l a t i o n  and 
change out e l e c t r o d e s ,  o r  any o the r  darn th ing .  That was 
one of t h e  few onboard schematics we had of t h e  system t h a t  
a  malf could occur and I could t a c k l e  it q s e l f .  So t h e  
whole t h i n g  went s l i c k .  The blood drawing went r e d l y  
s l i c k  and human f a c t o r s  was r e a l l y  good. Don't have an 
awf'ul l o t  t o  cover. The dynamic loading,  t h e  addi t ional  
glucose run, t h e  dynamic loading.  A t  l e a s t  t o  t h e  eye it 
went very we l l .  The f i n a l  glucose load,  t h e  f i n a l  one we 
run a f t e r  t h e  dynamic loading,  I got a  f e e l i n g  t h a t  rqy 
p i p e t t i n g  d i d n ' t  go so  good t h e  l a s t  - I don' t  know why, 
t h e  l a s t  bunch i n  t h e r e .  Now t h e  p i p e t t i n g  - I j u s t  don' t  
t h i n k  t h a t  those  th ings  a r e  designed f o r  wiping t h e  drops 
o f f  t h e  outs ide .  Now it depends upon t h e  mate r i a l .  Serum, 
nothing. There's no serum s t i c k s  on t h e  outsic?e. It de- 
pends upon t h e  substance t h a t  you a r e  p i p e t t i n g .  On some 
p i p e t t e s ,  t h e  water  - boy, it w i l l  hang on t h e r e  and make 
a b i g ,  b i g ,  b lob ,  and which reminds - keys me t o  b r i n g  up 
t h e  only suggestion I got  on t h e  hardware, and t h a t  i s  the  
cover p l a t e  you put on t h e r e  t o  get  t h e  numbers. ' h a t  when 
you put t h e  p i p e t t e  i n ,  and it may have happened t o  you, I 
t r i e d  t o  go r i g h t  down t h e  center  so I ' m  not touching t h e  
cover p l a t e  o r  t h e  s i d e  of t h e  r e e l  r o t o r .  But as I'm 



pu l l i ng  t h e  p ipe t t e  up, it depends dpon t h e  hydrophilie/ 
phobic forces between t h e  p ipe t t e  and t he  l i q u i d  t h a t ' s  
down the re ,  t h e r e ' s  t imes,  it l i f t s  t ha t  up, and i f  you 
ever  touch t h e  edge of - and espec ia l ly  t h a t  f ine  l i n e  
wi th  cap i l l a ry  tension between the  cover p l a t e  when i t ' s  
r e a l l y  t i g h t  and t h e  r o t o r ,  t h a t  f l u i d  runs down i n  be- 
tween t he r e .  And t h a t  happened t o  me on t ha t  l a s t  glucose, 
so there  was nothing I could do. I mean, I could see it on 

. a  whole bunch of loads  t he r e ,  t h a t  I had f l u i d  running down 
i n  between t h e  r o t o r  and t h e  cover p l a t e ,  and it r e a l l y  
bothered me but  t he r e  wasn't a  darn th ing I could do about 
it. When you're pu l l ing  t h a t  up, i f  t ha t  water - that  f lu id  
t h a t  down i n  t he r e  hangs onto t h e  p ipe t t e ,  you jus t  c an ' t  
hardly  load it without touching t h e  s ides  as  you p u l l  t ha t  
t h ing  up t he r e .  So I t h ink  maybe t h a t  would be par t  of t h e  
problem. You might t r y  j u s t  label ing t h e  ro tor  i t s e l f  but 
t h a t ' s  no problem, so  you avoid pu t t ing  t h a t  cover p l a t e  
on t he r e .  And a t  l e a s t  then  you don' t  have t h a t  f ine  l i n e  
with all tha t  c ap i l l a ry  a t t r a c t i o n  where t h e  f l u i d  can z ip  
down i n  between. In  terms of hardware, I guess t ha t  ' s  about 
t h e  only suggestion I ' v e  got .  Of course, y o u ' l l  eventually 
need t o  work out t h e  zero-g blood-handling techniques o r  
whatever, but t h a t ' s  wi thin  t h e  s t a t e  of t h e  a r t .  So t h e  
whole t h ing  r e a l l y  went s l i c k ,  though. 

W C H  It went s l i c k  from our  standpoint and you did a very good 
job. I know having t h e  ur ine  system down we had t o  jack 
around with t h e  procedures . . . 

MUSGRAVE We ran urines on them. O h ,  you mean on t he  GO? Yes, we 
ran  urines through t h e  APS l a s t  time. 

MUSGRAVE I don' t  mind wiping t h e  t i p s ,  I ' m  jus t  thinking,  I don' t  
t h ink  t he  instrument was designed t o  have you do t h a t ,  
was it? 

LEACH . . .  
MIISGRAVE Yes, yes ,  t h a t ' s  t r u e .  They were, yes. And the  serum, 

t h e  serum doesn' t  hang onto it and I ' m  sure .  Well, you 
guys know much more about t h a t  than I do, but I ' m  sure you 
can design a p l a s t i c  o r  something fo r  giving substance, 
you can have t h e  r i g h t  properties..  I t ' s  dangerous i n  
wiping the  t i p  o f f .  There a r e  times I ' d  be and I ' d  
say,  my God, d id  I touch t h e  end? I mean, I can ' t  see on 
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t h e  t i p  where i s  10 bu t  i f  I had any question I ' d  throw 
t h a t  away and go do it again. . . . nice  peaks. It ' s 
come a long ways s ince  t h e  o ld  card data system, too .  I t . ' s  
r e a l l y  outstanding and f a n t a s t i c  support all the  way around. 

Only one s m a l l  problem on t h e  f i r s t  day which was day 2 ,  
somehow a few t e s t  tubes were mislabeled, but  t h a t ' s  a 
r e a l  minor problem; it doesn' t  have anything t o  do with 
t h e  hardtware o r  procedures, j u s t  - - 
That w a s  during in tegra ted  sims. 

Yes, it wasn't during f l i g h t .  I jus t  scratched them out 
and put them on. 

You're saying tha t  w a s  one reservat ion.  I don' t  know how 
you f e e l  about it bu t  you not iced a de f in i t e  learning 
curve, improvement, o r  what-have-you even as you'd done 
before you went i n  t he r e .  . . . The f i r s t  day, t he  
amount of t ime,  t he  second day went way down. And I think 
on some f'uture sim t h a t  we would do - I would l i k e  - t h e  
PI requested a couple of  t r a i n i n g  sessions with the  l ab  
c leared and us t a lk ing  over a coma loop . . . 
I t ' s  r e a l l y  c r i t i c a l  when you get  t he  old production l i n e  
s e t  up, i f  you've got a break,  i f  it comes a t  t he  wrong 
t ime,  d id  I f i l l  t h a t  one o r  d idn ' t  I f i l l  it, and t he r e ' s  
no way t o  look i n  most of them. So I developed a way of 
drawing a l i n e  on t h e  t apes  so everytime I ' d  f i l l  it I ' d  
r o t a t e  t h e  th ing  so  t h e  next one on the  l i n e  - but you 
know it depends on when t h e  in te r rup t ion  comes. 

I ' m  sure you're aware how much you decreased t he  time t he  
l a s t  time you ran . . . 
One other  th ing ,  I know we already discussed it. Get a 
p ipe t t e  where you don' t  have double or  t r i p l e  water. You 
get  t h e  one p ipe t t e  t h a t ' s  got t he  r igh t  amount and t ha t  
decreases your time. 

And t h i s  i s  an FA0 impact on running t he  l l ' s  t ha t  I had 
a l o t  of f r ee  time and I know the re  weren't  t ha t  many 
things i n  our s e t  of experiments t h a t  I could have been 
doing, but  i n  t h e  fbture  when one person i s  going t o  be 
t i e d  up f o r  a long period of time l i k e  running t he  11 
s e r i e s  say, 3 hours or so  take a r ea l  hard look then a t  
what t h a t  o ther  crewman might be doing t o  be productive. 
Now I found things t o  do. 



bNSGRAVE He did .  He 'd be  s e t t i n g  up t h e  cardiovascular,  cranking 
it up- and ge t t i ng  a l l  t h e  sensors out .  

SAWIN And cleaning Story 's  d ishes  o r  something. 

MUSGRAVE Now t h e  other  cure would have been t o  have t ra ined  i n  
p a r a l l e l  somewhat were - although I th ink  f o r  t h a t  experi- 
ment, i t ' s  nice  t o  have one person doing all the  loads.  
You get  a  consistence on t h e  ro to r s .  And it i s n ' t  l i k e  
he could be handling t h e  blood because i t ' s  a  s e r i a l  op- 
e r a t i on .  You need t o  cen t r i fuge ,  you need t he ,  you know, 
r i m  t h e  p lo t s  and skin it o f f  and do dl1 those other things 
i n  s e r i a l .  It does point  out t ha t  Chuck did not have a 
l o t  of  solo  work t h a t  he did.  I had a bunch o f  solo  work, 
and he didn ' t  have a  l o t  of so lo  work. In  other  words, 
experiments t h a t  he ran by himself .  But he did f i l l  i n  
t h e  gap by cleaning up - those  time buffers  we spoke of 
before .  Se t t i ng  up th ings  f o r  t e s t s  t o  r u n  i n  t he  next 
one, cleaning up and a l l  t h a t  s t u f f .  

SAWIN Another vote i n  f o r  t he  b u t t e r f l y s .  Other than I almost 1 
pu l led  one out of S tory ' s  arm when I went t o  nook up t he  
syr inge.  Had it i n  about t h a t  f a r ,  and I had it out of 
t h e  vein ,  but  not out of t h e  arm. 

1 
MUSGRAVE I was hanging on t h e  b u t t e r f l y .  i 

i 

ALEXANDER I wonder what impact an X15 - would have had on you be- 
cause you'd have had t o  use t h e  same venzpuncture . . . 

MUSGRAVE We planned it t h a t  way. That ' s  why we did t h e  15A's on 
2 and 4; we had enough mater ia l  l e f t  t o  do it on 5 a l so .  
Bob w i l l  discuss t h a t .  

ALEXANDER J u s t  as  a  point of predic t ion.  I know you can ' t  r e a l l y  
because it never happened t o  you, but once you made the  
venapuncture, would you have been wi l l ing  t o  allow e i t he r  
PS 1 o r  PS 2 t o  make i n j ec t i ons  - forget  about t he  isotope 
committee f o r  a  moment. But would t ha t  have been a  viable 
a l t e r n a t i v e  - - 

MUG GRAVE Yes. But it was no problem s e t t i n g  up and doing t ha t  qy- 
s e l f ,  you're jus t  s i t t i n g  t he r e  with i t .  You get the  
isotopes  s i t t i n g  i n  t h e  l i n e s ;  i t ' s  jus t  a  matter of 
shoving on t he  syringe.  But yes ,  it would have been a.l1 
r i g h t .  We'd have lef ' t  t he  b u t t e r f l y  i n  fo r  t h a t .  Of 
course,  it wouldnt t behave used t h i s  vein; use a  vein down 
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here .  So you take t h e  b u t t e r f l y  and jus t  l i k e  on I V  r i gh t  
down here ,  ins tead of here ,  because you can ' t  be doing 
t h i s  aqd going around working. Put t h e  b u t t e r f l y  i n  down 
here  somewhe 

Yes. Well, f lush  it with s a l i n e ,  heparinized s a l i ne .  

We could have done another s t i c k  i n  t h e  other  arm. It 
d idn ' t  matter .  

I don' t  even l i k e  it and i t ' s  s t i l l  easy. Well, you know, 
t h e  syringes were a l i t t l e  grim, though. When you're t r y -  
i ng  t o  f i l l  t h e  60-cc plasma zyringes with a 20-gage needle 
jabbed i n  your arm an inch and ha l f  long and you're watch- 
ing  your vein hop up and down. Guys f igh t ing  t o  draw . . . 
syringe.  I t ' s  j u s t  a l i t t l e  grim. I t ' s  much n ice r  with 
t h a t  b u t t e r f l y .  

I th ink  you're going t o  need two s t i c k s  fo r  t he  cardiac 
output anyway. Their preference was t o  do t he  i n j ec t i on  
i n  one a r m  and do t h e  blood drawing i n  t h e  other .  So 
t he r e fo re ,  one of those  would have been coupled i n  with 
t h e  X-5 experiment. 

I ' v e  been a subject  f o r  t h a t  previously and . . . We did 
those  on t he  recoveries of t h e  Skylab and ASTP and I was 
a con t ro l  t he r e  and it was nothing. Another s t i c k  doesn' t  
bother  you at t h a t  point .  

Thanks a bunch. 

That GO analyzer was jus t  super.  Po t en t i a l  piece of hard- 
ware . . . Really amazing. 

That br ings  up a point  I hadn' t  mentioned before and t h a t  
i s ,  you a l l  put out a tremendous amount of e f f o r t  tind time 
t o  pa r t i c ipa t e  i n  these  simulations.  Hopefully, i f  you 
ge t  something out of it, i n  terms of ge t t i ng  sometiiing 
f l i g h t  ready and you i den t i fy  problems of ge t t ing  opera- 
t i o n a l .  And maybe Bob, when he ge t s  t o  21, he can address 
what some contributions t h a t  t h e  simulations made toward 
ge t t i ng  up some f l i g h t  readiness.  I r e a l l y  - I can ' t  help 
bu t  th ink  t h a t  it >ontr ibutes  an awful l o t  i n  ge t t ing  up 
t o  f l i g h t  readiness.  I ' v e  seen it on t h i s  one - It was i n  
r e a l l y  good sha?e f o r  t h e  first one, but  t he  second one, 
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you know, was jus t  a breeze,  i t ' s  all the re .  Same with 
t h e  ve s t i bu l a r  one, you can jus t  see  it. After  one of 
these  t h ings ,  it comes i n  l i k e  a breeze,  i t ' s  t he r e  f o r  
t h e  next time around. 

That ' s  a r e f l e x  of mine when I throw two d i f fe ren t  things 
toge ther  t o  do t h i s  with.  

I had t o  keep lqyself - not t o  do t h a t  t o  t h e  centrifuge 
samples. 

I don ' t  th ink  just anybody can run t h a t  device. 

Sure they  can, some b e t t e r  than others .  

Because you saw, wel l ,  of course, you had t h e  same back- 
ground, t h e  same - you've done - - 
The ro tors  t ake  tender  loving care.  

It takes  a guy with a l o t  of patience and care  t o  do 
t h a t  r i g h t .  

But t h e  n ice  t h ing  about it i s ,  i f  he goofs up, we see it. 

You do? Well, you see it on t he  oscil loscope.  The 
osci l loscope i s  r e a l l y  nice.  The reward is  there  or  
v i ce  versa.  

I r e a l i z e  t h a t  t h e  da ta  system with it coming out on t he  
t e l e type  wasn't t h e  be s t  . . . 
It would have been f i ne  with us t o  have it ins ide .  . But 
you may want t o  go t o  a CRT display.  

S tory ' s  pointed out one impact on our time l i n e s  was t ha t  
t h e s e  th ings  were being passed back i n  - it was more so 
e a r l y  i n  t h e  mission than l a t e r  - They were being passed 
back i n  and then Story would have t o  s i t  down and evaluate 
them - t h e  t e l e type  repor ts .  And then t a l k  it down t o  
Larry o r  you. And t h i s  was never accounted fo r  i n  what 
t i m e  we were a l l o t e d  f o r  doing t h a t  experiment. Now as 
th ings  went smoother o r  we were more confident, however, - - 



MUSGRAVE you had t o  do t h a t  t h e  same as  t h e  7, 8 and 9 ,  so - 

SPEAKER The next generation . . . 
SAWIN I j u s t  s a i d  Larry was there  almost as long - as much as 

we were. He was t he r e  when we walked 0u.t Sunday and I 
thought he s tayed t h e  whole week. 

LEACH The deal  about t h e  TV coverage while you were working on 
it Larry was j o t t i n g  down things t o  t e l l  you . . . I 
th ink  t h a t ' s  very good. 

MLJSGRAVE There ' s  a l o t  of th ings  coming on t h i s  support TV. 

SAWIN Okay, it s t a r t e d  way back i n  t h e  back and came up r e a l  
f a s t .  Ear l  responded superbly t o  our requests and sugges- 
t i o n s  and - - 

MUSGRAVE It was ahead . . . 
SAWIN Well, i n i t i a l l y ,  though, when we s a t  down with it it was, 

what a re  we doing, and then t he  second time it was jus t  
r e a l  good and, a f t e r  t h a t ,  it was superb. The a t t en t ion  
t o  d e t a i l ,  as Story s a id ,  was wonderful. 

MUSGRAVE I n  terms of g e t t i n g  t h e r e  on time, it was way ahead. We 
had th ree  base l ine  runs - we had two basel ine  runs t h e  day 
before  we got t o  in tegra ted  sims. I n  terms of hardware 
procedures, it was r e a l  - it was ea r ly .  And the  one reason 
w a s  t h a t  we were t r a i n i n g  on it during Christmas week. 
Most peo2le d idn ' t  want t o  t r a 4 n  then,  but  we got I n  there  
and as soon as  we got i n  t h e  in tegra t ion  f a c i l i t y  not t he  
Spacelab, we were doing runs. The experiments - we were 
doing runs i n  t h e  in tegra t ion  f a c i l i t y  and kind of got 
ahead. That was t r u e  of t h a t  one. And t h e  procedures axe 
r e a l  good. And t h e  human fac tors  are  r e a l  good. 

SAWIN Except f o r  t h e  cha i r  i t s e l f  physically . . . 
MUSGRAVE The cha i r  was  e a t i ng  our lunch i n  one g because it was 

heavy, and dragging it across t h e  carpet  and the  carpet  
wasn't at tached,  it would r o l l  up underneath t he  chair .  
The other  guy couldn' t  help because he was a l l  wired and 
couldn' t  get  f a r  enough away t o  help you. That 's  a  one-g- 
pecu l ia r  th ing ,  zero g would do t h i s  way. So, we did have 
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t h e  one malf'unction we discussed already. And t h e  connec- 
t i o n s  on t h e  back there  took a beat ing because of moving 
t h e  cha i r  around and brushing against  it, and maybe t h a t ' s  
something you would want t o  put - you would want connec- 
t i o n s ,  which r e a l l y  a t tach on and maybe some protect ion 
t o  those  connectors back t he r e .  

I have two thoughts on t h e  force amplif ier .  I th ink  we'd 
have probably not had t o  ca l i b r a t e  t h a t  device, i f  those  
had lock knobs o r  something. Because each time we would 
move t he  cha i r ,  invar iably  we'd push against  one of them. 
But t h e  e lec t ron ics  were very s t a b l e  and they were - - 
I th ink  you've got t o  hard-mount your simpson i n  some way 
where you can see it and not have t o  bang around and run 
t h e  r i s k  of dropping it again. 

Well, the  whole t u r r e t  f e l l  off  t h a t  time, you know. I 
w a s  dragging t h e  cha i r ,  o r  one of us was, and t h e  whole 
t h i n g  s l i d  o f f  t h e  arm and f e l l  over. I don't know how 
it did  it but it bent t h e  p l a t e  behind t he  needle, t h e  
i nd i ca to r  p l a t e .  So what we did  was take t h e  glass  o f f  
and bend t h e  needle out  so  t he  needle wouldn't hang up on 
t h e  p l a t e .  It looked l i k e  a good reading and you a l l  l i ked  
it, too.  They all came of f  without a h i t ch  though. It 
was  r e a l l y  n i ce .  

I'll t e l l  you, you r e a l l y  taxed us  on Saturday, t h e  60 
percenter  f o r  2 minutes was t h e  l i m i t ,  t h e  absolute l i m i t .  

That ' s  one of t h e  questions I want t o  ask you. I ' v e  got 
a number of questions I ' d  l i k e  t o  ask - but before t h a t  
I ' d  jus t  l i ~ e  t o  j u s t  r e i t e r a t e  tlie f a c t  t ha t  you a l l  did 
an excel lent  Job, we f e l t ,  on t he  experiments. But again 
based on our t r a i n i n g  runs and t h e  basel ine  runs we got 
and so f o r t h ,  I w a s  real. confident when you went i n  the re  
t h a t  you would have no problems so t ha t  was borne out.  We 
had t h e  one minor g l i t c h  on day 1 t h a t  couldn' t  f igure  out 
f o r  awhile, and I th ink  on t h a t  one we recommended, f i n a l l y ,  
your changing out t h e  harness. And i f  y o u ' l l  remember, you 
checked t h e  harness connectioon t o  t h e  top of t h e  EMG system 
and found it was loose  a t  t h a t  pa r t i cu l a r  time. 

It had s t r a i n  on it. One o ther  point t ha t  I have, i s  a 
s m a l l  po in t ,  goes back on the  21st of January. I had a 
note  here  t h a t  s a i d ,  "X-12 no force r eca l  required between 
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back-to-back subjects  ." And A-1 we got jumped r e a l  good 
f o r  not doing t h a t .  And it was a misunderstanding because 
I don't think you were present a t  t h i s  debriefing we had, 
which was af'ter one of our wet runs or  dry runs. 

It wasn't a jump. Again these procedures a re  there ,  i t ' s  
a common agreement as t o  how you're going t o  run th ings.  
And they ' re  i n  there ,  and t h e  ground didn ' t  see it and 
they ' re  jus t  l e t t i n g  us know t h a t ,  "Hey, did you forget 
t h a t  or  something?" 

It was jus t  a misunderstanding, I think.  

We put it i n  t he re  a f t e r  t h a t .  

That ' s  what procedures a re  there  for  and we put it in .  

We determined l a t e r  t h a t  we could look a t  it on the s t r i p  
chart.,  And, you know, and i f  it looked l i k e  it was a l l  
r i g h t  anyway, we would just have you run the  th ing  a f te r -  
wards, but I think - Well, we didn ' t  have you run it again 
so  it looked p re t ty  good. 

After  t h a t ,  we jus t  put it on. 

It was a one-g thing.  The guy's strapped i n  t h e  chair  and 
i s  t ry ing  t o  put t h a t  t r ead le  i n  and hold it and l i n e  up 
t h e  holes down there .  

I read from the  log  t h a t  a t  03:18 on day 6 ,  GMT, MS com- 
mented on the  60-second, 60 percent MVC i t ' s  i n  quotes 
"Jesus Christ! Who thought tha t  one up? The PI o r  the 
SIMSUP?" ( ~ a u g h t e r ) .  

He was keying while I was ta lking.  ( ~ a u g h t e r  and cha t t e r )  
Who put t h a t  on? The PI o r  SIMSUP? 

You know I 'd  gone through t h a t  f i r s t ,  and I sa id ,  "Story, 
t h i s  is  r ea l ly  close.  This is  hard." 

MUSGRAVE But I didn ' t  bel ieve him. I didn ' t  think 60 and I pushed 
on it, ran it up there  and i n  the f i r s t  5 seconds I sa id ,  
"My ~ o d "  ( laughter ) .  

ALEXANDER We know now why you were so accurate i n  gaging how much 
foot  pressure you had put on the wet t rash  locker ( laughter) .  
Because the  numbers were the  same. 
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That was t h e  b a l l  and t he  heel  and everything, t h e  whole 
l e g  down i n  there .  

E a r l ,  I th ink  you guys did  a good job. And I ' d  say t h a t  
they were ce r t a in ly  t he r e  when we needed them. They had 
some t r a v e l  times t o  work out .  

SAWIN 

ALEXANDER 

Clete  and Ea r l  both responded r e a l  wel l  t o  any problems 
we had. 

Some people l i v e ,  you know, more than jus t  across t h e  
s t r e e t  f'rom t h e  center  and have some l o g i s t i c s  problems 
i n  ge t t i ng  i n  when the  f l i g h t  plan i s  being played r e a l  
t ime. These guys were always leaving numbers and they 
were there .  

MUSGRAVE 
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.The phone patch would have f ixed t h a t .  

Yes. 

With you guys there  t o  look a t  t he  data  and be t e l l i n g  
him what t h e  da t a  shows and him the re  t o  give t he  in te rpre -  
t a t i o n  and t h e  advice, t h e  phone patch would have f ixed a 
l o t  of  t h a t  l o g i s t i c s  . 
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We almost f i t t e d  D r .  Reschke with one of these wire less  
mikes t ha t  t h e  r e f s  use,  though, because he had two soccer 
matches during t h e  s i m ,  and we couldn't get  him of f  t he  
f i e l d .  Now these  guys were always t he r e ,  and again they 
l i v e  i n  Friendswood and i t ' s  hard t o  get them out.  Usually, 
by t h e  time we say we're going t o  c a l l  them and give you 
30 minutes no t ice ,  you guys were i n t o  ca l s  or  something, 
and they always busted a gut t o  get  over the re .  That goes 
f o r  everybody, though. 

This th ing  - My mind rambles on here.  This experiment 
po in t s  out - We ought t o  develop a temporary way of mark- 
i ng  e lect rode s i t e s .  In  other  words, the re  should be 
something between nothing and a permanent t a t oo ,  you know, 
when t ha t  t h ing  was dis t inguishable  t o  t h e  naked eye. 
There should be a temporary - I don' t  know whether some 
kind of a dye, a food dye. 

There should be something between t h a t  you - t h a t  r e a l l y  
enhances t h e  s i t e s .  Something t h a t  you can redo every 
week o r  so. And what we used on t h i s  - our idea  on t h i s  
one was t o  shave t h e  h a i r ,  so  you put the  e lect rode r i gh t  



i n  where you'd shaved t h e  h a i r ,  you know. We got all these 
guys here .  That kind of marks t he  spot p r e t t y  good f o r  it. 

SPEAKER You mean you j u s t  look f o r  t h e  abrasions? 

MUSGRAVE For him you jus t  look f o r  t h e  wel ts  you put it on t h e  
explorations . 

M4NGOLD What about gentian v io l e t ?  

MUSGRAVE Yes, I don 't know what would do. But I th ink  someone i n  
LSD ought t o  ~ o r k  on t h a t  because t h e r e ' s  so many applica- 
t i o n s .  We had a tota l .  of what - about 24 electrode s i t e s  
where we were t r y ing  t o  put  e lect rode t o  t h e  ninth  s e r i e s ,  
o r  VCG, o r  EMG. We got about 24 e lect rode s i t e s  t ha t  we 
could have used a mark on. They were dependant upon hav- 
i ng  it i n  t he  r i g h t  pos i t ion  f o r  consistency. 

ALEXANDER I l i k e  t h e  idea  with you guys, though, t ha t  you had t he  
fo res igh t  t o  stow elect rodes  onboard fo r  the  e n t i r e  run 
and it was j u s t  a pass out .  We d idn ' t  have t o  clean them. 
And t h i s  i s n ' t  a b i g  dea l ,  we've ce r t a in ly  got people and 
time and all t h a t  t o  clean up e lect rodes  when you shoot 
them out .  But i t ' s  n ice  t o  know t h a t  those guys a re  loaded, 
you've got an ex t r a  run, they've got an ex t r a  s e t  onboard, 
I l i k e  t o  see t h a t  happen. 

MUS GRAVE For a 7-day mission, I th ink  t h a t ,  i f  it buys you a t o t a l  
of an hour ' s  time over a week period,  i t ' s  worth it. 

ALEXANDER And I th ink  it was equal ly  nice f o r  you all t o  be able t o  
throw your e lect rodes  i n  99 and go on without having t o  
jack around cleaning and repast ing.  

SAWIN It would have been tough i f  we'd had t o  fool  around with 
them each day. As Story pointed ou t ,  we had 10 for  t he  
X-12; we  had 8 f o r  t h e  cardiovascular s e r i e s ,  and we had 
3 f o r  t h e  ves t ibu la r ,  t h a t  was almost da i ly .  Then we had 
t o  redo t h e  ones on t h e  thermal sensors, another e igh t .  
That we had t o  do. 

ALEXANDER That 's  a luxury we can ' t  expect i n  f l i g h t ,  but  we never 
r e a l l y  wanted t o  bother  PS2 on whether or  not he got h i s  
Orbi ter  X-4 i n  t he  middle of t he  night .  And there  were 
cases where t h a t  d idn ' t  appear i n  the log ,  because you 
might have done it and d idn ' t  mention it or  it got over- 
looked, but  i f  you've always got a d i r t y  sack of electrodes 
out f o r  PS2 we'd know it was X-4 i n  the Orbi ter .  It was 
always done. It w a s  always ca l led  down. 
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When I was on at n i g h t ,  we always ca l led  it out and I 
logged it and assume everyone e l s e  did t h e  same. 

Like I think we kept it t o t a l l y  where we were and where 
w e  were going. 

Oh, you b e t .  

I have a couple of questions now f o r  you. The l i t t l e  
e lect rode packages we put on, we put everything i n  one 
package. Do you agree t h a t  t h i s  i s  a good way t o  go i f  
we have these  t-ypes of e l e c t r ~ d e  packages? 

Fine. 

Also, I would imagine t h a t  you would recommend disposable 
e lect rodes?  

Ones t h a t  we can put them back i n  t he  bag and br ing  them 
home? Same thing.  

I t ' s  jus t  t h a t  we wouldn't want t o  have t o  clean them, 
t h a t  's all. And i f  you don ' t clean those , they spo i l ,  
r i g h t ?  Because they  oxidize .  

Tha t ' s  what I ' m  a f r a i d  o f .  Now we a re  embarking on a 
l i t t l e  program t o  develop disposable e lect rodes .  One you 
j u s t  use and throw them away. 

Can you develop something you s t u f f  them i n  - - 
Cleaning so lu t ion  you s t i c k  them i n .  

Cleaning solut ion.  You jus t  s t i c k  them i n  and jus t  s e a l  
t h e  bag o r  something. 

Some kind of neu t ra l i z ing  so lu t ion .  

Looking at t h e  cost  of  space f l i g h t  time, probably i f  t h a t  
saves you an hour on a 7-day mission, i t ' s  worthwhile t o  
throw them away even i f  t hey ' r e  not throwaways. 

You'd miss 3 o r  4 meals i f  you had t o  clean a l l  of those 
e lect rodes .  
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Well, we bought t h a t  recommendation r ea l l y  b ig ;  I th ink  
t h a t  was  good on t h e  part; of t h e  crew t o  suggest t h a t  we 
do it on t h e  ground and I th ink  it worked well .  

Aren't t he r e  s a t i s f ac to ry  dry electrodes available? 

D r .  Hof f le r ' s  working on some. 

We could probcbly use flush-type e lect rodes ,  where you 
j u s t  wipe some so lu t ion  on t h e  electrode and t h e  e lect rode 
i s  f l a t  agains t  t h e  sk in .  That seems t o  work p r e t t y  well .  

You know, s t i l l  you've got 10 stomaseals t o  take o f f ,  
you've got t o  clean t h e  e lec t rodes ,  put on new stomaseals, 
you don't cut t h a t  much time. I 'd  say you ought t o  t r y  
t o  go with t h e  philosophy t h a t  cost  of those can ' t  be so 
high,  t h a t  it r e a l l y  impacts t h e  mission. 

Yes, I agree. 

They should be there  prepared pack by pack, day by day, 
what you need. 

The meter pos i t ion  now on t he  cha i r  i t s e l f ,  did you have 
t rouble  with t h a t ?  Woul6 you - do you have any recommenda- 
t i o n s  on whether t h e  portable-type meter i s  the  way t o  go? 
O r  should it be on the  cha i r  s i a t ionary?  Do you have t o  
move t h e  posi t ion of t h e  meter around f o r  you t o  view i t ?  

I th ink  it was f i n e ,  Ear l .  

J u s t  t ha t  way  it was? 

That Velcro approach worked we l l  once you got the  Velcro 
t o  s t i c k .  

Some times might come up when you'd want t o  read t h e  meter 
s,omewhere e l s e ,  depending on who was reading it. I th ink  
it was f i n e .  

Since we used both lef't and r i g h t  limbs, you had t o  be 
able t o  mve  a l i t t l e  b i t .  You needed some ro ta t ion  t o  . . . 
Okay, changing out t h e  e lec t rodes .  We ' r e  changing them 
from l e g  t o  the  arm. Now we, f o r  example, we had two 
harnesses aboard, one we used a spare.  Wen we o r ig ina l l y  
had thought t h a t  i f  we would provide two harnesses and 
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probably a  spare beyond t h a t .  But t h e  two harnesses would 
be  f o r  - one harness would be hooked t o  the  a r m  and t h e  
o ther  harness t o  t he  l e g  and t h a t  way dl you'd have t o  do 
would be t o  change t h e  harnesses a t  t he  plug Level. 

I th ink  it would lead  t o  more confusion and e r r o r  due t o  
t h e  e x t r a  umbilicals .  

The w a y  it was was good. And I don ' t  th ink  you could r e ly  
on hooking them both up and going through the  physical 
change o f ,  you know, switching t h e  machine over t o  t he  arm 
from leg.  I f  we got caught once o r  twice. That - There 
w a s  enough mvement t h a t  you could unplug an elect rode.  
So I th ink  even i f  you had two, you r e a l l y  have t o  pay 
a t t en t i on  t o  when you got done all the  moving arom-d and 
f l a i l i n g  around, reconfiguring,  t ha t  you've r e a l l y  got t o  
look t o  be sure t h a t  you're s t i l l  hooked up. You caught 
us once on t h e  ground. 

That ' s  another po in t ,  Ea r l ,  t h a t  it would be nice  t o  have 
some padding on t h a t  cha i r  on t he  back, because you have 
your VCG e lect rodes  on, and you ' re  doing one of these  max 
contract ions  you're plant ing t h a t  M e lect rode i n  your back 
because t h e r e P s  nothing t h e r e  t o  take t h e  s t r e s s  o f f .  
Some s o r t  of simple foam padding. It doesn' t  have t o  be 
very t h i ck ,  jus t  so  you're not hard up against  metal, when 
you s t r a p  i n  with t h e  s t r ap .  

I t ' s  a  ni t -picker ,  but  t h e  b e l t  across here ,  of course - 
When you're doing a cardiovascular one, it was r i gh t  on 
t op  of t h e  phono, s o  we d idn ' t  use i t ,  but the  other th ing 
i s  put a  l i t t l e  foam on it because when you - t he  bare skin  
and t h e  cold buckle, you know, it r e a l l y  grabs you. It 
changed t h e  physiology, you know. 

I n  your est imation i n  running t h i s ,  do you f e e l  t h a t  t h e  
shoulder harness - I know t h a t  you have t o  have the  l a p  
harness,  but  t h e  shoulder harness,  did you f e e l  t ha t  t h i s  
held  you i n  b e t t e r  pos i t ion  than not? I think Chuck . . . 
I l i k e d  t o  use it myself. 

- - e s p e c i d l y  i n  zero g, it would probably be advantageous 
t o  hold you i n  place.  
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For Chuck, on your experiment, of co.rurse , the  shoulder 
harness f ixed  h i s  shoulder but  he was using t h e  l e f t  one. 
So it would be d i f f e r en t  f o r  him than fo r  w s e l f ,  I l i k e d  
t o  r e a l l y  cinch both of them down, I pul led them up r e a l l y  
snug on those .  

It depended a l i t t l e  b i t  on the  s t r e s s  l e v e l ,  too.  When 
we got t o  those  higher l e v e l s ,  I f e l t  the  need for  being 
fu r the r  res t ra ined .  But on t he  lotr l e v e l s ,  f o r  ins tance,  
when we did  one of those 1-2 mods on Saturday, we had t o  
take one support p l a t e  t h a t  might support the  forearm o f f  
i n  order t o  pxt t h e  arm cuff  - arm band on. And i n  t ha t  
ins tance,  you had only t h e  elbow as a support and i t ' s  
r e a l l y  no problem. So, it depends on - I 'd say if you're 
below 50 percent of your KVC, you don' t  need t o  worry much 
about t h e  shoulder s t r a p  o r  support fo r  t h e  forearm. But 
i f  you're ge t t i ng  up t o  t h e  60 percent a rea ,  i t ' s  r e a l  
tough. It starts hur t ing.  And then you need everything 
you've got. 

One of t h e  reasons f o r  using t h a t ,  of course, was t o  keep 
t h e  pos i t ion  f a i r l y  constant .  And as you say,  when you 
go t o  MVC o r  higher l e v e l  - percentage MVC, there  may be 
a tendency t o  change the  body around and then you can br ing  
i n  o ther  muscle groups you know, which may have an e f f e c t .  

They're being used m y w a y  becadse I have a sore t rapezoid 
o r  t rapezius  o r  something i n  t h a t  shoulder g i rd le  area 
t h a t  j u s t  hur t  l i k e  h e l l  f o r  a couple of days a f t e r  I do 
those.  You can never, I don ' t  be l ieve ,  I don't think you 
can ever t o t a l l y  i s o l a t e  a l l  o ther  muscle groups from t h e  
t o t a l  system. 

You ju s t  hold t he r e .  

SAWIN Yes, I agree with you, t h e  more r e s t r a i n t ,  t h e  b e t t e r ,  be- 
cause at, l e a s t  it keeps t he  configuration the  same between 
t e s t s .  

MUSGRAVE Did you ever  th ink  of adding some quant i t a t ive  warmup con- 
t r ac t i ons  before those MVC's? There was - I know you got 
t o  get t o  t h e  same place when you're doing tha t  co l lec t ive  
da ta ,  but  d id  you ever th ink  of having - even nondata col- 
l e c t i ons  - you know, a few t o  20, 30, 40 percent,  whatever, 
before those  MVC's because we ' r e  coming i n  cold and we sure 
saw it out t he r e  i n  t he  in tegra t ion  f a c i l i t y .  That brings 
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up another po in t ,  where you ' re  going t o  co l l ec t  basel ine  
da ta  i n  the  i n t eg ra t i on  f a c i l i t y '  s got t o  meet physiological 
condit ions.  It was colder than h e l l  out t h ~ r e  those days. 
When we were t r a i n i n g  out  t he r e  - and our & W C 1 s  were way 
down because we were cold,  you know, we were shivering.  
And t h e  MVC t h a t ' s  t he  f i r s t  maneuver we did,  and you 
can ' t  expect a  muscle, when you're shiver ing and cold,  t h e  
first time you ask it t o  do something t o  come up t o  an 
MVC . 
Ei the r  t h a t ,  o r  w e ' l l  have t o  move t h e  MVC t o  a  d i f fe ren t  
loca t ion .  

O r  put it on t he  end of t h e  protocol .  

O r  r i g h t  before  t h e  fa t igue sess ion ,  something l i k e  t h a t .  

Yes, i n  f a c t ,  t h a t  would be a  nice place fo r  it, a f t e r  t he  
10-second runs ' to have t h e  MVC and then the  fa t igue session.  

You were impacted somewhat by our da i ly  r i go r ,  though, be- 
cause there  were times when - I ' d  say it w a s  t he  second 
s e r i e s  of runs,  o f f  t h e  top of qy head. Both Story and I 
not iced t h e  decreased t h e  MVC ' s  and we were t i r e d .  

Oh yes ,  t h e  da t a  on all t h e  experiments - t h e  experiments 
were s ens i t i ve  enough, so  t h a t  the  data from morning t o  9, 
10 ,  11 o'clock a t  n igh t ,  r e a l l y  changed. You were a d i f -  
fe ren t  subject  . 
One question I had. You run t h i s  experiment 4 days i n  a  
row f o r  relertively shor t  periods of time, but we had a  
f a i r l y  good percentage MVC on it, a t  l e a s t  on t he  1-112 t o  
2 minutes. Subjectively did you f e e l  t ha t  your isometric 
capab i l i ty  increased any as  you he ld  t ha t  load,  say the  
minute o r  2 minutes? 

You mean when t h e  fourth dqy versus f i r s t ,  d id  we have 
t r a in ing ,  t r a i n i n g  e f f e c t ?  

Yes. For example, did you f e e l  t h a t  t he  muscles - t ha t  
you developed a l i t t l e  b i t  more capab i l i ty  i n  t ha t  muscle 
as  t he  d w  proceeded? 

I don ' t  know, I didn't f e e l  t h a t  I had. I f e l t  the  day-to- 
day var ia t ion  was g rea te r  than any e f f ec t  I could see there .  
I n  other  words, how t i r e d  I was on a given day, what time 
of day we ran it. 
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I th ink  it might be i n t e r e s t i ng  t o  look a t  t h e  upslope 
going from no load t o  whatever, t he  25 percent o r  50 per- 
cent I thought some times t h a t  I did  a l i t t l e  b e t t e r  job 
about coming up sharply and holding a t  t he  point versus 
coming up and overshooting and backing o f f .  That 's  t ha t  
day-to-doy var ia t ion  t h a t  Story was t a lk ing  about. 

The higher loads a f t e r  t h e  10-second i n t e rva l s ,  holding 
f o r  10 seconds and I ' m  t a l k i n g  pr inc ipa l ly  about t he  l a s t  
day when we went up t o  60 percent on both biceps and t he  
c a l f  muscle. Did t h i s  a t  a l l  - subject ively  again - Did 
t h i s  all seem t o  t i r e  you p r io r  t o  t he  one 1-112-minute 
run? 

No. 

No. 

You ju s t  d idn ' t  get  t h a t  f e e l i ng  at al l?  

No. 

S t r i p  char t  versus t h e  scope t h a t  you used on t he  Tandberg. 
Would it be more bene f i c i a l  fo r  you t o  have a s t r i p  chart 
i n  the re  t o  look at these  th ings ,  or  d id  you f e e l  t h a t  the  
scope was appropriate? 

I l i k e  t h e  Tandberg. 

The scope was n ice .  

I t ' s  a very n ice  l i t t l e  recorder.  

He a l w a y s  looked at t h a t  th ing,  durlng the  run. 

Okay, t h e  l a s t  question i s  - again a subjective ty-pe - 
What do you th ink  about holding say a load,  and it might 
be a 30, 40, 50 percent load,  holding t ha t  load u n t i l  com- 
p l e t e  fa t igue? Say we're i n  a mission context ,  and I wanted 
t o ,  f o r  example, check t h e  capab i l i ty  as you went through 
a mission f o r  holding a pa r t i cu l a r  percentage MVC. I would 
expect t h a t  t h ing  would t o  get  shor ter  and shor ter  as you 
went through t h i s  period of weightlessness, perhaps. What 
do you th ink  about doing t h i s  th ing  i n  a mission context? 
h'ould you be - do you f e e l  t h i s  would be a b i g  constra int  
on the  a c t i v i t i e s  you might have t o  do l a t e r  on? I know 
t h a t  you depend on t h e  ty-pe of e c t i v i t y ,  but what are your 
feel ings  ? 
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I don ' t  th ink  it would be any . . . 
I t ' s  a matter  of motivation, though, i f  t h e  guy's motivated 
enough h e ' s  going t o  hur t  himself. He's going t o  come out 
very s t i f f .  You know uhen you qu i t  i s  no+, jus t  a function 
of  physiology. I t ' s  j u s t  a function - probably a bigger 
fimction of motivation. It 's a hard end po in t ,  1 think 
i tf  s a very d i f f i c u l t  end point  t o  reach. You know, the  
s t a t e  of mind and t h a t  kind of s t u f f ,  I t h ink  t h a t  would 
grea t ly  influence it. 

I don' t  th ink - I f  we hadn ' t  been as  high as we were 
emotionally Saturday n igh t ,  we wouldr?'t have gone t h e  
2 minutes on t h e  60 percent on the  l e g  because it hu r t .  

Did both of you f e e l  t h a t  t h e  60 percent f o r  2 minutes on 
t h e  ca l f  was  jus t  about maximum? 

It was ge t t i ng  t he r e .  It was on t he  voice tapes .  They 
smart,  they smart; t h e r e ' s  no doubt it smarts. I was 
surpr i sed  af'ter 5 seconds. And I s a i d ,  "MY God, I ' v e  got 
2 minutes t o  go." 

How about t h e  50 percent on t h e  arm. I know you did t ha t  
a number of  times during t he  mission, 50 percent on t he  
arm fo r  1 minute. 

That was ea s i e r .  I n  t h i s  case ,  r i g h t ,  it was ea s l e r  than 
t h e  60 percent on t h e  l e g  f o r  2 minutes. 

Easier ,  but  pos i t ion  of t h e  r e s t  of the  t o r so  i s  more 
c r i t i c a l  because of r ec ru i t i ng  help f romthe  r e s t  of t h e  
shoulder g i rd l e .  Now when you get  your l eg  i n  that device, 
you're p r e t t y  wel l  going t o  use only gastronemius and sol-  
eus ,  which i s  what you want. But wit'n t h e  a r m  i t ' s  more 
var iab le  as t o  t h e  what ass is tance you can get from other 
muscles. For ins tance,  Ear l ,  I don ' t  know how you f e e l  
about - Sometimes I would clench m y  f i s t s  and I don't know 
i f  t h a t  impacted th ings  or  not .  But t he  reason t h a t  I did 
it i s  because what I wanted t o  do subject ively  was reach 
out and grab t h e  s i de  of t h a t  r e s t r a i n t .  You know I 'd 
come up with t he  force l e v e l  I was supposed t o  b e a t ,  and 
then I ' d  s t a b i l i z e  i t .  I wanted t o  go over and jus t  clamp. 
And then,  you know, hold it r i g h t  where it was. So t o  get 
a w a y  from cheating l i k e  t h a t  f o r  w s e l f ,  I had t o  clench 
q y  f i s t  and then i f  my f i s t  moved s ide  t o  s i de  i n  t h e r e ,  
t h a t  didn ' t impact ne anything. 
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Unless you sunk your na i l s  into the s t e e l ,  there wasn't 
anything t o  grab. 

You tend t o ,  on those loads - you tend t o ,  especially i f  
they're high i n  the arm, you tend t o  have tremor as you 
continue t o  hold that  - did you see i f  t h i s  improved as 
you went through the  mission? 

I don't think so. I ' m  sure it effected the cardiovascular 
data. You could see it on every signal. 

The addition of the  limb blood flow, t o  X-2 combination 
there i s  very interesting. But there 's  been graphic re- 
sponses i n  the arm blood flow tha t  I think that  you should 
be aware of ,  and t a l k  t o  Wick and the PIS on that .  But 
you can see almost an anticipatory increase i n  flow, al- 
most a hyperemia tha t  when you guys were gearing up t o  go, 
I ' m  sure you were 'tensing. Then you would see probably a 
30 percent increase i n  limb - i n  arm flow before you actu- 
a l l y  'cranked up on it. Apparently, the whole skeletal  
muscle bed was opening up, you know, just almost on a 
yoga-type thing. 

What you ought t o  do is  study on both arms when you're 
going t o  do the exercise with one arm, is there i s  a selec- 
t i v e  improvement i n  the circulation on the arm that you're 
anticipating on using? You know the whole system's gett- 
ing up for it. 

This is why as I indicated t o  you ea r l i e r  that  we ran the 
50 percent 1 minute on the  arm, because I wanted to  com- 
pare the  differences, i f  I can i n  blood flow. 

Well, there 's  good information available to  you you know 
if you can get t ha t  out and get it time-sync'ed. 

In  fac t ,  I t r i e d  t o  get a hold of Lou for  -the Saturday run, 
and t r y  t o  hook it up and some way read the values on the 
ca l f  with tha t  heavier load of 60 percent for 2 minutes 
a d  see what happened. That's a l l  I have and again a d  I, 
l i k e  the  others, I' d l i k e  t o  thank you for a real  f ine job. 
The data that  we9ve seen so f a r  looks just precisely what 
we would have expected. Good baseline data. We've got - 
I think we got seven, - we've got s i x  runs and one protocol 
on you plus that  additional protocol and we can make a 
comparison there between on 40, 50 and 60 percent on the 



MUSGRAVE 

ALEXANDER 

MUSGRAVE 

CLARK 

FROME 

CLARK 

FROME 

MUSGRAVE 

c a l f ,  we '11 only have one run maybe, but  a t  l e a s t  we '11 
s e e  some comparison. 

You might look fo r  a  l i t t l e  deconditioning e f f e c t .  I ' v e  
been every day u n t i l  going i n  t h i s  th ing ,  of 
course,  I d idn ' t  run any i n  t he r e .  

D r .  Prome is onboard f o r  X-13 now. 

B i l l ,  it went swell .  

I had problems. 

They were two problems apparently. One time t he  hose, or  
t h e  tubing w a s  cr inkled s o  I guess t he  packaging was t he  
problem the re .  

It was  a l l  t h e  same problem, I th ink ,  B i l l .  I s t a r t e d  
o f f  on t h e  second run,  and I wasn't ge t t ing  much col lect ion 
on t h e  r i n se .  And I found t h a t  t he  tube had been pinched 
apparently i n  t h e  packing, and t h e  flow was almost com- 
p l e t e l y  r e s t r i c t e d  t h e r e .  I t r i e d  t o  open t h a t  up and I 
had t roubles  t he r e ,  so  I reversed t he  two l i n e s .  Put t h a t  
pinched l i n e  over on the  vacuum s ide  and used the  other  
l i n e  as t h e  co l lec t ion  l i n e .  And even with t h a t ,  I had t o  
hold  t h e  tube t o  keep it opened, t o  keep t h e  vacuum on 
t he r e .  Because as I would s a l i v a t e  i n  t h e r e ,  the  vacuum 
would go away when it was pinched . . . t he  secret ion i n to  
t h e  tube.  So it was a  packing problem, and it took me 
about 45 minutes t o  ge t  a good co l lec t ion  on it because 
each time I thought I had t h e  pro3lem solved - And I thought 
i n i t i a l l y  it was t h e  pos i t ion  th ing  t h a t  we'd run i n t o  be- 
f o r e ,  but  it wasn't.  It was t h a t  pinched l i n e .  And each 
time I thought I ' d  found t h e  problem, I had t o  recycle t o  
t h e  r i n s e  por t ion of it before  the  col lect ion.  So it was 
j u s t  t h e  packing on t he  pinched l i n e ,  and I th ink  t ha t  
was  t h e  oniy problem. 

Did you have one t h a t  worked very well? 

Well, I d idn ' t  even give it - That one we had was such a  
goer, such a  good one, I mean it never, you know, it did 
it. That as soon as I had any problem with t h e  other ,  
you know, t h e r e ' s  no sense messing around - go with t he  
t h e  other  and it worked. I th ink  l i k e  t he  very f i r s t  
t r a i n i n g  sess ion we might consider a  manual placement when 
you've got a motivated d i sc ip l ined  t r a ined  crewman. And 



i f  you'd l i k e  t o  s t i c k  it on t he  other  creTman manually - 
You can ' t  miss t h a t  ww, you can put t he  center of t h e  
o r i f i c e  r rgh t  i n  t h e  middle of t h a t  thing.  

FROME You're t a l k i n g  about placing without s e l f  posit ioning.  

MUSGRAVE Yes, you might consider t h a t .  

FROME I th ink  i f  you had someone, you j u s t  need some good vis ion 
t o  do it with.  But I th ink  i f  you had someone t r a ined ,  
t he r e  are  b e t t e r  devices fo r  t h a t ,  smaller devices t h a t  
a r e  e a s i e r  t o  place.  

MUSGRAVE But they were - when you get  a good one going t ha t  never 
misses - 

FROME I was pleased my experience with these  i s  t h a t  they ' re  
more consis tent .  

MUS GRAVE Yes, they were. In  ray case ,  t he  volumes were r i gh t  the re  
t h e  same. P re f l i gh t  i n f l i g h t ,  they were r i gh t  r i gh t  about 
t h e  sane l e v e l .  

SAW I N  It was r e a l  easy t o  do, B i l l .  You know, there ' s  not m c h  
you can screw up; e i t h e r  i t ' s  flowing o r  i t ' s  not. You 
change your candies(?)  arid you watch your times. It ju s t  
couldn' t  be b e t t e r .  I t d k e d  t o  you a  l i t t l e  b i t  about 
whether OT not it was important t o  give consideration t o  
doing t h i s  p r i o r  t o  o r  follo~.sing t h e  meal. And I th ink  
you suggested t h a t  it was be s t  t o  be done fas t ing  and a t  
t h e  sane time each day. 

FROME That was t h e  b e s t .  I t h ink  t h a t  t h e  most iinportant i s  
t h e  consistency i n  time. Each time one does it.  

SAWIN Well, t h e  next time around, I th ink  you should jus t  re- 
quest from t h e  procedures people t h a t  t h i s  i s  something 
t h a t ' s  s tuck i n  j u s t  p r i o r  t o  breakfas t  on t he  morning 
you want it. Because it ' s  such a  l i t t l e  impact on th ings ,  
t h a t  it would be done. 

MUSGRAVE Yes. 

CLARK You might have noticed,  B i l l ,  t h a t  on t ha t  second run of 
mine, a r t e r  40 minutes go a t  i t ,  my volume was considerably 
down. 



FRONE Yes, I th ink  t he  sample w i l l  be okay, but  I th ink  ES f a r  
as  t h e  flow r a t e s  it going t o  be . . . That 's  a l l  I have. 
I thought t h a t  ba s i ca l l y  it went qu i te  wel l .  

MUS GRAVE 1 4 .  Do you want us t o  l e ad  t h a t  one out? 

SAW I N  Okay, Mary and Dick again,  you gave us great  support on 
15. I don' t  know - I can ' t  explain why sometimes i t ' s  
extremely easy t o  b r ing  up a good vein f o r  you and other  
times it was d i f f i c u l t .  

HENIEY Well, as we were saying t h e  other  day. I th ink it might 
have been b e t t e r  i f  we had cut these out p r i o r  t o  the  
migration as much as  5 o r  6 hours and put it on a pla in  
agar and there  you would have it spreading. You'd have a 
much th inner  plasmodium. You get  a b e t t e r  vein t h a t  way. 

MUSGRAVE The great  b i g ,  you know t h e  great  b i g  sewer pipes,  the 
great  b i g  ones were too deep i n ;  you couldn't get  t h a t  
c lose  t o  them. 

HENNEY The b i g  problem, I th ink ,  i s  t h e  microscope i t s e l f ,  you 
r e a l l y  should have had a s p l i t  beam microscope where you 
could see  through the  microscope and t h e  TV camera a t  t h e  
same t ime. But we don' t  have a microscope l i k e  t h a t  on 
s i t e ;  it would have t o  be a purchased item and probably 
should be considered core equipment. 

MUSGRAVE Yes , we read John ' s memo. 

MUSGFiAVE It should be  core equipment, yes. Three l e v e l ,  m t i o n  
p i c tu r e ,  TV, and eye. 

HENNEY And i f  possible it would be nice  t o  have s t i l l  camera 
through t h e  scope because t he r e  are ce r t a in  par t s  of t h i s  
experiment t h a t ,  f o r  ins tance - the  plasmodium t h a t  you 
had on t h e  shaker t h a t  you put on t h e  s c l e r o t i a .  This i s  
a very i n t e r e s t i ng  process where you get  t he  s c l e ro t i a .  

MUSGFAVE Yes, you want t o  get  t h e  time course, yes.  

HENNEY Excysting, i t ' s  coming o u t ,  and i t ' s  a very i n t e r e s t i ng  
process t h a t  is a l s o  control led by t he  ssme cont rac t i l e  
p ro te in .  And i f  we could just  take samples ou t ,  put them 
on t he  microscope s l i d e s ,  put these under, and get s t i l l  
shots  of t h i s .  Even TV shots  would probably be all r igh t .  
We could ac tua l ly  foilow t h i s  whole process of excystmerlt 
from t h e  s c l e r o t i a l  t o  t h e  ac t ive  plasmodia1 stage.  
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Could you take samples thttt output on a s l i d e  and f i x  it? 
W i l l  t h a t  give you t h e  same th ing ,  too? 

No, you won't see your streaming s t a r t i n g .  

Yes, I 'm t a l k ing  about anatomic cha rac t e r i s t i c s .  

From our point of view, t h i s  is very i n t e r e s t i ng  experiment 
f o r  a l o t  of  reasons. One i s  t h a t  Story had been prime on 
t h e  t h ing  up u n t i l  we got i n t o  the  in tegrated sim, when he 
took a look a t  t h e  checkl is t  and there  it was; it was mine. 

1' '1 So now I ' d  been going along saying,  "oh yes, Fine," ''okay, 
we can do t ha t . "  Suddenly I had t o  do i t ,  so - - 
You did  a very good job. 

Well, I don ' t  know how wel l  I d id ,  but  it took ~e a l i t t l e  
while t o  regroup and th ink  about what I was supposed t o  be 

II 1' doing t h a t  r a the r  than jus t  saying, "yes, sure," "I could 
do t h a t  i f  I had t o , "  and suddenly I had t o .  But it was a 
good example i n  cross-training and t he  reason for  having 
it. A s  Story pointed out on 11, maybe I c o d d  have given 
him a hand t h e r e  and cut some of t h e  t i n e  down i f  I had 
known more about it. 

Have you looked a t  t h e  growth i n  the  f lasks?  Is it all 
r i g h t ?  Have you looked at t h e  growth i n  the  f lasks?  

Yes. They ' r e  f ine .  

They're f i ne?  

I th ink  we picked ug a l o t  of good pointers on how t o  im- 
prove. One th ing  w a s  what you s a i d  about t he  microscope 
i t s e l f .  Even i f  we had a s p l i t  beam, tribeam, whatever, 
we should have l e s s  - - 
Clear t h e  t u r r e t .  Get t h e  other  object ives  o f f  of it. 

Yes, get  those  object ives  off  of it when you . , . When 
you took t h a t  o i l  inversion object ive  off  you d idn ' t  plug 
up t h a t  hole t h a t  was what was causing a b ig  g la re  up there  
on t h e  - - 
We d idn ' t  know about t h a t  one. 

- - on t h e  screen i t s e l f .  



HENNEY There was a b i g  white spot on it and I couldn' t  f igure 
out  where t h a t  came from. 

PUS GRAVE 

SAWIN 

GRAVES 

I saw t h a t .  

Right i n  t h e  center .  

That g la re  was probably coming from t h e  hole t h a t  +,he o i l  
invers ion . . . 
I would r e a l l y  l i k e  t o  get i n  the re  and t r y  t h i s  noti with 
a l i g h t ,  on and o f f ,  and see hov t h a t  reading - we didn ' t  
r e a l l y  ge t  a chance t o  get  t h a t  TV. 

But, i f  t h a t ' s  t r u e ,  though, I don' t  know t h a t  - I haven't 
r e a l l y  taken a hard look a t  t h e  bottom of t h e  microscope 
t u r r e t .  I would th ink  t h a t  t h e  only l i g h t  t ha t  could pass 
up through t h e r e  would be through t he  objective of i n t e r e s t .  
If what you say o r  suggest i s  t r u e ,  why don't you have 
in te r fe rence  any time you use a microscope, from ambient 
l i g h t ?  Maybe you do, I don ' t know. 

GRAVES Well, you probably do somewhat, but  the  - i f  you look a t  
t h e  hole i n  t h e  high dry object ive  - - 
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Very narrow. 

- - it i s  so ,  so ,  t i n y  t h a t  t h e  amount of sca t te red  l i g h t  
o r  s t r a y  l i g h t  t h a t  it picks up i s  so small t h a t  you don' t  
no t ice  it,  compared t o  t h e  one - - 
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How about t h e  low power, though? 

Even t h a t  - - 
You have t h e  object ive  o f f  dtoge1;her. 

Even t h a t ,  t h e  hole i n  t h e  object ive  i s  small compared t o  
t h e  half-inch o r  five-eighths inch hole . . . 
That was a gaping hole  i n  it. The funny th ing  i s  t h a t  I ' d  
j u s t  mentioned t o  Story t h a t  I ' d  done it, and why I ' d  done 
it. And we d i d n ' t  th ink  about it any f'urther than t h a t ,  I 
guess. 



GRAVES There w e  plugs t h a t  you can get t h a t  jus t  screw r i gh t  
i n t o  t h a t  p l a t e .  We d idn ' t  th ink about t h a t  problem of 
when you were t u n i n g  t h e  t u r r e t  the re  t h a t  t h a t  one was 
going t o  cause you problem i n  going from low power t o  high 
power. 

MUSGRAVE 

Again, t h i s  happened because we'd always t ra ined  on using 
low power, u n t i l  we got i n t o  the  mockup i t s e l f .  Then we 
found t h a t ,  because t h e  TV canera t h e r e ,  we had t o  use 
t h e  high d r y .  That was t he  f i r s t  t i n e  we'd gone t o  t h a t .  
And t h a t  impacted t h e  timing because t h e  smaller veins 
t h a t  we were looking a t ,  were probably more var iable  than 
t h e  l a r g e r  vein i n  terms of streaming frequencies. 

Yes. O u r  TV system . . . 
GRAVES They're influenced more - t he  smaller veins a re  influenced 

more by t h e  l a r g e r  veins than vice versa because you get  a 
vein  t h a t  might be flowing a t  a, good r a t e  i n  one di rect ion 
and th'en because of t h e  per ipheral  or l a rge r  veins going 
i n  an opposite d i rec t ion  tend t o  shorten t he  reversal  time 
on t h e  samller  vein.  So t h i s  i s  why we were having a l o t  
of in te r fe rence  here  and we need t o  get a th inner  plas- 
modium. 

GRAVES 

Because once we'd gone t o  t h e  smaller veins,  I observed 
occasions where t h e r e  would be s a t i s f ac to ry  streaming t h a t  
it would s top  t o t a l l y ,  jus t  q u i t ,  and I ' d  have t o  f i nd  
another vein. And t h i s  had never occurred during t he  
t r a i n i n g  sess ions  using t h e  l a r g e r  vein. Now they j u s t  
cycled back and f o r t h  very nicely .  

That one time when we had the  ..cry rapid fogging up of t h e  
object ives .  I th ink  t h a t  we both agree t h a t  it was a f resh 
t r a n s f e r  and t h e  p l a t e  was r e a l l y  loaded with moisture. 

MUSGRAVE Yes, t he  o lder  ones didn ' t do t h a t .  

GRAVES . . . and once we brought the  p l a t e s  out and l e t  them s i t  
f o r  2 o r  3 hours before we made t h a t  t r a n s f e r ,  it l e t  them 
dry out a l i t t l e  b i t ,  we el iminated t h a t  problem. 

SAWIN I th ink  it was very i n t e r e s t i ng ,  and I think you should 
continue t o  add t o  it perhaps ways of t r e a t i n g  the  medium 
o r  t h e  plasmodium, t o  look a t  changes t h a t  might occur. 
I n  o ther  words, r a the r  than jus t  look a t  zero g as it might 
a f f e c t  it. Perhaps t h e  changes i n  the  medium, coupled with 
zero-g and having d i f f e r en t  t e s t  s i t ua t i ons  t o  look a t .  
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This is  what Mary brought up . . . micro s c l e r o t i a  . . . 
This was a n ice  first cut  a t  i t ,  and I think you can go 
ahead and r e a l l y  embellish it and make it very i n t e r e s t i ng  
and f r u i t f u l .  

I ' v e  got one t h ing  we d idn ' t  exercise  it; i n  f a c t ,  we 
d idn ' t  even th ink  about it. But t h e  TV monitor system 
t h a t  was up on t h e  a f t  f l i g h t  deck was much c l ea r e r  than 
t h e  one t h a t  was down i n  the  Spacelab module. Operation- 
a l l y ,  i f  t he r e  had been a TV downlink problem where there  
would have been LOS, it would have been poss ible  t o  do 
t h a t  timing with t h e  TV monitors up there'? 

Well, you s ee ,  I could do it through the  scope, too,  
Bob . . . 

'Yes, but  i f  your time was taken up on another experiment - - 
Okay. wel l ,  t h e  man up on t h e  a f t  f l i g h t  deck could have 
done i t .  That 's  a good point .  1 
I n  l i e u  
done on 

Another 

of havi'ng t h e  ground do it, it could have been 
the  a f t  f l i g h t  deck by a PLT o r  commander. 

operat ional  consideration i s  t ha t  I don' t  th ink I 
ever  got comfortable with t h i s  during the e n t i r e  mission 
and t h a t  i s  t h a t  even though we would volunteer t o  count 
f o r  you on t h e  ground, i f  we appreciated some time l i n e  
cons t ra in t .  Meybe it was 7 o 'clock a t  night and you were 
j u s t  going t o  lunch,  t he r e  were a l o t  of reasons why we 
would o f f e r  t o  do it on t h e  ground, but  I don ' t  th ink I 
ever got ccmfortable with t he  fac: t ha t  we had t o  c a l l  you 
back t o  tweak t h e  focus. That seemed always an unnecessary 
c a l l  t o  the  crew and go back through t he  tunnel . . . 
You mean you'd l i k e  t o  be able t o  do it remotely? 

Yes, e i t h e r  t h a t  o r  l i v e  with what we've got.  You guys 
a re  always super i n  saying,  you know, if y o u ' l l  count f o r  
us we ' l l  come back and do t h e  focussing, but  it s t i l l  i s  
never comfortable f o r  me t o  drag you away from lunch o r  
dinner o r  whatever you might be doing t o  go back and run 
through t h e  tunnel and climb the  w a l l s  t o  do it. 

You could be  s tuck at  t h e  microscope. 



SAWIN To us, t h a t ' s  f i n e  because I ' m  able t o  be ea t ing  ins tead 
o f  s i t t i n g  t h e r e  counting t h e  reversals  of t he  streaming, 
s o  I j u s t  - I ' m  r e a l l y  happy t o  come back md do t h a t  
adjustment - o r  send Story.  

ALEXANDER Yes, as  long - as  you can send Stoly ,  I guess i t ' s  a l l  r i gh t ?  
X-15 alfa. 

MUSGRAVE Thanks a l o t .  

c m  The cardicc output measurement using radioisotopes.  We 
weren't able  t o  use t h e  r e a l  isotopes and go through t h e  
r e a l  procedures t h i s  t ime,  due t o  l i cens ing  problems. The 
PEs are  here  t o  give t h e i r  support as they always were 
during t h e  ke s t .  We wished we would have been able t o  
use t h e  r e a l  isotope and do t h e  in jec t ions .  We t r i e d  t o  
follow t h e  t ime l i n e s  and simulate t he  data  using sources 
a s  they came down. The t h i r d  day t ha t  we ran it, which 
was an opt ional  th ing ,  we had t h e  equipment onboard t o  run 
t h e  t h i r d  s e t .  I th ink  it was because we weren't doing 
t h e  r e a l  th ing,  bu t  we d idn ' t  get  the  detectors posit ioned 
i n  time. 

MUSGRAVE I ' m  sure it was because we were doing the  r e a l  th ing;  we 
had never done it. I f  you don ' t  have any data  feedback, 
you can get  sloppy. 

CLARK Right. The i n j ec t i ons  would have went wel l ,  t h e  samplings 
would have went wel l ,  and the  .ileasurement I f e e l  would have 
went wel l  had we been doing the  r e a l  measurement with the  
isotope.  There a re  severa l  problems associated with doing 
t h i s  type of experiment. One was t he  l icense  which we ran 
i n t o  - was t h e  hurdle we couldn' t  get  over f o r  t h i s  t e s t .  
I n  addit ion,  any type of  radioact ive  mater ia l  t h a t  is  used 
i n  nonseded  sources onboard of be t a  emit ters  o r  gamma 
emi t te r s ,  t h a t  you should have core equipment fo r  t he  pro- 
cessing of po t en t i a l  s p i l l s  or  doing swipes, counting, e t c .  
And t h i s  i s  something t h a t  might be looked i n t o  as core 
equipment f o r  t h e  next t e s t  fo r  general radioisotope rnoni- 
t o r .  That 's  about all t h a t  I have on it. Any questions? 
Bob ? 

CLARK No. I don' t  t h ink  a s t r i p  char t  would have helped. I t ' s  
n ice  t o  have something on paper ava i lab le ,  but you've got 
a r e a l  good f ee l i ng  f o r  it on t he  r a t e  meters. The r a t e  
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meters - On any type of isotope work, t he  use of the  r a t e  
meter i s  l e s s  than s a t i s f a c t o r y  where you have the  capa- 
b i l i t y  of going t o  d i g i t a l  data  and ge t t ing  firm data with 
good s t a t i s t i c s .  The r a t e  meter i s  jus t  compromising the  
accuracy of t h e  da ta  when you don' t  need t o  because the  
state-of-the-art i s  much fu r the r  along cow. A d i g i t a l  r a t e  
meter would have been more benef ic ia l  i n  t he  experiment. 

How about cable lengths?  Could you get any f ee l  f o r  t he  
probe lengths of t he  cable? 

The cable length i s  - s ince  we had the  detectors i n  t he  
drawer t o  be use with t h e  sources - During the  t r a in ing  
sess ions  was t h e  time t h a t  we got out and s t re tched the  
cable lengths.  But t he  cable lengths would have been 
adequate with the  gurney t he r e .  I jus t  found out f o r  the  
o ther  experiment t h e  cables d id  come i n  handy. 

How about t he  foam cones t h a t  we had made up? Was there  
any need f o r  a probe holder of any type o r  do you f e e l  
t h a t ' s  p r e t t y  much up t o  t he  operator t o  hold the  probe 
where he wants it? 

CLARK I th ink  t hey ' r e  going t o  have t o  be held ,  but again we were 
constrained with one g. I n  zero g, there  would have been 
no problem with t h e  r e s t r a i n t ,  with holding the  cones. 

NOLTE So it may have come i n  handy i n  t ha t  case. 

CLARK Right. But i n  one g those cones could not have possibly 
he ld  t he  detector  because t h e i r  weight they would s t i l l  
have t o  have been held ,  but  i n  zero g i t ' s  very l i k e l y  
t h a t  those would have been adequate. 

SAWIN Bob jus t  flagged something t h a t  Story had mentioned 
b r i e f l y  yesterday,  and I th ink  i t ' s  worth going back t o  
again, and t ha t  ' s t h a t  gurney. I f  we hadn ' t had t h a t ,  we 
would have been i n  r e a l  t roub le .  

ALEXANDER That was super smart. 

SAWIN And somebody should start working on it, some so r t  of a 
gurney - - 

NOI,TE I don' t  th ink  we want a gurney - some s o r t  of a lightweight 
r e s t r a i n t  system. 
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Well, no. We need something someone can l i e  down on a t  
t h e  normal l eve l  off  of t h e  f l oo r .  So t h a t  an indivual  
working on him can get around him and can have him be 
comfortable - have t he  subject  be comfortable, and have 
access t o  the  various pa r t s  of t he  anatomy he needs. 

Would it possibly be even b e t t e r  i f  we have one t h a t ' s  
capable of laying down fo r  one-g t r a in ing  and l i k e  a pole ,  
a v e r t i c a l  mount fo r  zero-g use where you could, say,  move 
around b e t t e r .  That p r e t t y  well  blocks t he  whole a i s l e .  

Yes. It may be b e t t e r  get the  data  hor izontal  i n  zero g ,  
too.  For any conditioned r e f l exes ,  ~Yhlch i s  an experiment 
t h a t  I ' m  i n t e r e s t ed  i n ,  an i n f l i g h t  t,ilt t ab l e .  I n  other 
words, get the  data  t i l t i n g  him i.n one g and then tilt him 
i n  zero g. I ' m  convinced you're going t o  see a cardio- 
vascular response t o  t i l t i n g  i n  zero g. Because fo r  40 
years ,  every time a gyy jumps out of bed, t he  cardiovasc-&ar 
system has got t o  get the  pressure up, pump blood t o  the  
head, and make dl these  o ther  responses. For 40 years ,  
these  th ings  have occurred. I th ink  i n  zero g when he 
jumps up l i k e  t h i s ,  you're going t o  see  somewhat t he  same 
responses. 

Well, t h e  diving s e a l  r e f l e x  i s  a good thing.  The th ing  
I wanted t o  say about t h i s ,  t h e  i n f l i g h t  phase of t h i s  
experiment a l b e i t  was Mickey )louse because we d idn ' t  have 
t h e  h o t . s t u f f  o ~ b o a r d  and we d idn ' t  have t he  f u l l  blown 
procedures. The PE's were there  every morning. Bob and 
Elena were both out t he r e  a t  the  crack of dawn. They were 
t he r e  going through t h e  motions of t h i s  experiment as  i f  
it were t h e  r e a l  th ing.  We d idn ' t  see anybody e l s e .  We 
d idn ' t  see the  rad ia t ion  committee t h a t  would l e t  us do 
t h e  experiment. We d idn ' t  get any help by anybody but the  
two people s i t t i n g  down on t h e  other sid.e of t h i s  room and 
you guys ou@t t o  know t h a t .  But they played it 100 per- 
cent .  And it was Micky Mouse, su re ,  and you were standing 
up there  g r i t t i n g  your t e e th ,  I ' m  sure ,  when you were s t i ck-  
ing a sealed source i n  f ron t  of t h e  detector  and t e l l i n g  
me I was seeing a b r a in  blood flow. 

It wasn't Mickey Mouse t o  t he  extent  t h a t  we operated it 
a s  f a r  as  the  time l i n e s  were concerned. We f i l l e d  the  
time l i n e s  with t he  times it would have taken t o  do the  
experiment. We went through the  use of t h e  s a l i ne  solu- 
t i o n s  as i f  it were t h e  experiments t o  f i l l  t he  tirce l i n e s  
t o  f ' u l f i l l  t he  handling. 



ALEXANDER Yes, but what I ' m  saying i s  t h a t  you guys, you thought 
through it enough t o  have recomaendations of how they 
could improve i t .  And you were enough in to  t he  ballgame 
t o  play it when so did these  two fo lks .  But the  people 
t h a t  wouldn't l e t  t ha t  experiment go, never came around. 

MUSGRAVE The problem was aggressiveness on s i de  of t he  PI  payload 
organization.  When we f i r s t  ran i n t o  the  PI on t ha t  th ing,  
he d idn ' t  even know what t h e  s t a t e  of it was. He didn ' t  
know whether it  was going t o  be done o r  not .  And we s t a r t e d  
pushing r i gh t  then fo r  ge t t i ng  t he  radioisotopes and doing 
it f o r  r e a l .  And then th ings  s t a r t e d  ge t t ing  ro l l i ng ,  but 
I th ink  t h a t  was only - Was t ha t  3 weeks before going t o  
run? It was extremely l a t e ,  and t h a t ' s  - t he r e ' s  hardly 
any c r i t i c i sm  toward t h e  PIS,  but  a t t en t ion  t o  d e t a i l  on 
p a r t  of  jus t  a few i s  one, but  t h e  other  th ing is aggres- 
siveness t o  guarantee t h a t  by go l ly ,  the payload i s  coming 
down t h e  l i n e  and i t ' s  going t o  get  done and done t he  way 
they  want it t o .  It takes an aggressiveness, too.  And fo r  
some of t he  time t h a t  t h e  crew was being the  aggressive 
ones t o  see t h a t  t h i s  t h ing  got done. And tha t  the  crew 
was f igh t ing  t o  get  t h e  science done. And t h i s  i s  one of 
those  cases,  t ha t  when we got down t o  the f i r s t  sess ion,  
t h e  PI  didn ' t  know wh%t t h e  s t a t u s  - he had no idea what 
t h e  s t a tu s  of h i s  experiment was. He jus t  thought well  
i t ' s  t he r e ,  but i t ' s  not  going t o  be done. So why do any- 
th ing ,  and t h a t ' s  where we were. Now i f  we've gotten i n  
2 months before o r  3 months before l i k e  t he  exposure t o  
some of the other  P I ' S ,  we coldd have s a id ,  ' ' ~ e y ,  l e t ' s  go 
wi th  t h e  r e a l  thing," and there  might have been time t o  
p u l l  o f f  t he  r e a l  th ing.  

SAWIN There were changes i n  philosophy t h a t  occurred during t h e  
l a s t  month o r  2. What happened is  t h a t  about a year ago 
Arnold and I took some courses up a t  Baylor t o  qual i fy  us 
t o  do nuclear medicine. And then we planned t o  s t a r t  a 
s e r i e s  of s tud ies  such as  t h i s ,  using Ph i l  Johnson as  our 
umbrella. But when it came down t o  r e a l l y  doing it here ,  
we needed a broad isotope l i cense ,  which we d idn ' t  have t o  
use technetium-99. There had been exceptions made for  spe- 
c i f i c  t e s t s  on fl ightcrews during recovery operations, and 
so on. And Bob knows the  d e t a i l s  of what the requirements 
a r e  f o r  ge t t ing  t h a t  l i c ense ,  but  i t ' s  not something t h a t ' s  
simply done, you have t o  go through a l o t  of people. 



There a l so  w a s  an addi t ional  problem, i n  f a c t ,  one t h a t  
was done with the  l i cense  and t he  exceptions t o  the 
l i c ense s  were used f o r  Skylab. Pad a t  t h i s  time, t he  - 
There was a change i n  the  l a s t  year t o  the  - of t he  Gov- 
ernment agency t h a t  handled the  l i cens ing  of t h i s  par t icu-  
l a r  type of appl ica t ion from t h e  NRC t o  the  FDA and then 
back and i t ' s  all mixed up on who had the  r e spons ib i l i t y  
t o  do it. And the re fore ,  t h e  regula t ions  themselw-es were 
unclear as  t o  what t he  l i c ense  required.  But what was 
needed t o  be done t o  t he  t h e  l i c ense  t o  the  appropriate 
s t a t e  t o  use it. So t h a t  was p a r t  of t h e  confusion a l so .  

ALEXANDER I ' d  l i k e  t o  c l a r i f ? ~  m y  s tatements.  I ' m  not shooting a t  
t h e  P I ' s  a t  all, because t he  P I ' s  were the re ,  and they 
d id  what could be done. But I a m  a l i t t l e  t~reaireii s t i l l  
about t he  l ack  of support t h a t  we got out of the  rad ia t ion  
s a f e t y  committee, and t h e i r  nonwillingness t o  consider 
anything, except r i g h t s  and procedures i n  case ycu broke 
t h e  sealed source which I thought was a s tup id  exerc ise .  
Make sure  t h e  t a p e ' s  running f o r  t h a t .  It was s tup id  t o  
worry about somebody ea t i ng  t h e  sealed source, you know. 
I f  they  had taken t he  time and the  energy required t o  wri te  
t h e  procedures f o r  breaking t h e  sealed source, I f,hink we 
could of gone out on a limb and gotten the experiment i n  
here .  

SAWIN The P I 'S  deserve a l i t t l e  ding on t h i s ,  t h e r e ' s  no question 
o f  t h a t .  

ALEXANDER Well, they saw it as Mickey Mouse. They saw the  f u t i l i t y  
o f  t h e  rad ia t ion  committee ever ge t t i ng  o f f  of t h e i r  r ea r s  
and I can understand t h e i r  response. 

MUSGRAVE No, they d idn ' t  see t h a t  a t  the  f i r s t  presenta t ion,  they 
were unaware of any of these  th ings .  

SAWIN But i n  t h e  . . . 
MUS GRAVE They should have presented t he  hard f a c t s  t o  us then,  i f  

they  had been pursuing it. 

ALEXAEDER Well, blame the  Science Manager on t h a t  one because h e ' s  
t h e  one t h a t ' s  got t o  d r ive  t he  whole th ing  toward the  end, 
i f  he ' s  doing his job. 
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Well, t he r e  are  two things involved, one i s  t he  l e g a l  
aspects  of doing or  not doing t h e  t e s t ,  the  other  i s  the  
question of support by t h e  P I  Is .  And I would say t h a t ,  
Adrian LeBlanc came down and provided very ca re fu l ly  
thought-out k i t s .  So t h a t  t h e  on3.y th ing they d idn ' t  do 
i s  t h a t  they were not present during t he  runs. Arnold, 
i n  defense of him, I got on him p r e t t y  hard the  other day. 
And he had some personal family problems t ha t  precluded 
o r  a t  l e a s t  made it more d i f f i c u l t  f o r  him t o  be around. 
I got on him 3ecause i t ' s  t yp i ca l  Arnold t o  f i r e  every- 
body up and s t a r t  something and then walk away from it. 
But I th ink  i n  t h i s  instance t he r e  were some other  re- 
l a t e d  th ings  t h a t  were involved. 

There were circumstances involved. Of course, Adrian 
l i v i n g  on the  other  s i de  of  town - - 
Adrian, any time during t he  pu t t ing  together of the  experi- 
ment, j u s t  provided super support of it and worked with 
t h e  team i n  ge t t ing  t h e  experiment together a t  a very l a t e  
time. 

Yes. He was  good. 

And you know tha t  D r .  Johnson i s  Chief of Nuclear Medicine 
at Methodist, he ' s  not going t o  wheel down here . . . 
That 's  t r u e .  I ' m  shooting at our own isotope committee 
and t h e i r  i n a b i l i t y  t o  get  o f f  of high center and get 
something done. 

The point  of it i s  t h a t  the  buildup of t he  experiment took 
place over t h e  Christmas hol idays .  And Adrim LeBlanc was 
ou t  here about t h r ee  times working with -the a ' s  and get- 
t i n g  t h a t  experiment together ,  and from the  time they got 
t h e  word t h a t ,  yes ,  there  was t o  be something done with 
t h e  experiment. Adrian was out here p r ac t i c a l l y  every day 
t h a t  we worked with t he  PE's t o  get it together.  

Well, t h a t  shows what kind of  ,py he i s .  He i s n ' t  even 
l i s t e d  on t h e  experiment. 

Additional remarks , - though, could be di rected t o  Verne 
Bailey,  who had a very negative a t t i t u d e  about it. 

That ' s q y  whole point .  



George Armstrong had t h e  same a t t i t u d e ,  arid Arnold a t  t ha t  
point  d idn ' t  want t o  use t h e  r e a l  i sotope.  When we were 
before t he  committee there ,  we ended up, Bob and I ,  against  
everybody. We wanted t o  do it. They all had t h e i r  axes 
t o  grind. I don' t  know a l l  t h e  reasons fo r  it. All we 
wanted t o  do a t  t h a t  point  was t o  assure t h a t ,  i n  t h e  
fu ture ,  proper s teps  would be taken t o  rake t h i s  poss ible .  
There's no reason we shouldn't be ab le  t o  do t'nese things.  
This i s  where a l o t  of h o d e d g e  i n  biology is going t o  
come, i n  use of isotopes,  and so  we were jus t  t r y ing  t o  
push t h e  system t o  t h a t  extent .  

ALEXANDER I t ' s  a neat  experiment and t h e r e ' s  a l o t  of data  t o  be . . . 
CLARK One of t he  a t t i t u d e s  on using isotopes f o r  a simulation 

i s  t h a t  t h e  exposure i s  not necessary. And there  are  a 
l o t  of  people t h a t  a re  very conservative about the  use of 
i sotopes .  However, t h e  doses t h a t  you get  from the  use 
of an i n j ec t ab l e  isotope l i k e  i n  an experiment such as 
t h i s ,  is  equivalent t o  going and ge t t i ng  a few X-rays and 
th ings  l i k e  t h a t .  Not a l o t  of reluctance on t h e  medical 
community t o  t ake  a l o t  of X-rays. 

Two people t h e r e ,  Tom Haney and Ph i l  Johnson, who use them 
every day run t he  two biggest  labs  i n  town, s a id ,  " ~ e t ' s  
go, l e t ' s  do it ." You know, Ph i l  was w i l l i ng  t o  cover it 
under h i s  l i cnese .  And the  p e ~ p l e  who were against  it 
were our own people. Le t ' s  put it where it i s ,  t h a t ' s  it. 

ALEXANDER Exactly what I 'd l i k e  t o  see get  i n  t he  record. Well, 
on 1.6, do we need t o  spend any time debriefing t h a t ?  
Seventeen, t he  PI 'S  a re  here.  You want t o  t a l k  about - 
Excuse me, Chris .  

CLARK I ' l l  s t a r t  o f f  with a couple of things t h a t  happened, 
Chris, i f  t h a t ' s  all r i g h t .  

SPEAKER Do you guys care i f  we press on and f i n i s h  the  20? I t ' s  
a quar te r  t o  12,  and we've got t o  come back f o r  X-21 i n  
an hour and 15 minutes. And then give - Charlie Chassay 
has requested, and rightf'ully so ,  some debriefing on the  
core recommendations, s ince  we've got a b i g  job ahead of 
us ge t t i ng  t h e  core b u i l t .  It ' s up t o  you all, i f  you' d 
l i k e  t o  break and come back o r  w e ' l l  press on. 

MUSGRAVE Press ! 



CLARK Okay, a general  comment on the  buildup of t h i s  experiment 
and t h e  i n t eg ra t i ng  of t h e  eqer iment  and t h e  t e s t .  I 
don ' t  bel ieve t he r e ' s  anybody on the  PI/?E teams t h a t  
worked any harder - and looked any hard2r a t  t h e  d e t a i l  
of  t he  experiments then Chris Keys and John Hugg. They 
put  a l o t  of e f f o r t  i n t o  very de ta i l ed  procedures t o  m i n i -  
mize time t h a t  it would take t o  run t h i s  experiment. They 
were looking a t  changes i n  procedures t ha t  would save say 
l i k e  30 seconds i n  t h e  time l i n e .  They paid a l o t  of 
a t t en t i on  t o  d e t a i l .  The problems - we only ran in to  
problems on one day and t h a t  was on day I. We never r e d l y  
knew exact ly  what t he  problems w a s .  It was probably a 
loose cable.  We ve r i f i ed  cables ,  the  system seemed t o  work 
Every time t h e r e a f t e r  we ve r i f i ed  t he  f l a sh  un i t s  by at 
l e a s t  two shots  during t h e  se tup procedure, before we ever 
attempted t o  run. The f i r s t  day o r  2 ,  it was kind of f l a i l  
ge t t i ng  up f i r s t  t h ing  i n  the  morning and hopping i n  fo r  
photograghs. Actually it went o f f  very wel l  as f a r  as t h e  

'j amount of time used t o  take it. 

KEYS That ' s  one t h i n g  I ' d  l i k e  t o  ask you about. How did the  
times - f o r  se tup,  what kind of time it took, and how much 
time did it t ake  t o  ac tua l l y  go through it when everybody 
was up? 

CLARK I don' t  r e c a l l .  I recorded i n  t h e  log one night. how long 
it took t o  s e t  up, and I think it was on t he  order of 4 
o r  5 minutes. That was about day 5.  Fgr taking the  photos, 
what would you say, about - 

SAWIN I ' d point  out t h a t  t he r e  ' s a sub t le  impact here ,  t ha t  ' s 
not major but  i t ' s  t he r e  and t ha t  i s  t h a t  one has t o  c l ea r  
t h e  area between those  cameras and t ha t  means it takes  
o ther  men t o  move hardware around [Chatter  1 I t ' s  a subt le  
th ing ,  but it ' s the re .  

MUSGRAVE I t ' s  a one-g problem; i n  zero g, i t ' s  not the re .  

CLARK I didn ' t  count t h a t  i n  t h a t  setup time because t ha t  area  
w a s  c leared by these  guys the  night before.  

SAWIN Some n igh ts .  

CLARK Some nights . Was cleared before t h a t .  And t h i s  i s  jus t  
t h e  physical  loca t ion  of the  camera and the  checking of the  
f l a s h  un i t s .  We did  have - so we l o s t  about four shots 
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t h a t  we retook.  And then they,  on day 4 I believe it was, 
we loaded f i lm overnight. We loaded t h e  p l a t e s  i n t o  t he  
holders overnight. 

The camera you had t rouble  with.  You had t rouble  with 
un i t  B a t  t he  f a r  end? 

Unit B a t  t h e  forward end - 
- forward end. 

I ' d  sure say on t h a t  one, excuse me, t o  in te r rup t  but 
when it comes t o  mind t h a t ' s  another plus fo r  our onboard 
video. We maned - Not t h a t  you'd want t o  do it on t h i s  
one - but we manned - on s h i f t  hand-over, back on the  Sl4A 
- . . . was usual ly  between 5 :  30 - 6 i n  t h e  morning, jus t  
an t i c ipa t i ng  t h a t  you guys might come out of t he  chute a 
l i t t l e  b i t  e a r l y  - Here s i t s  Chris Keys almost i n  t he  
dark room, and everybody e l s e  i s  as leep,  except X-21 
t h e r e ' s  always up and running about t h a t  time of day. 
You never saw a damn th ing  the  whole week, it was always 
b lo t t ed  out because of t h e  jocks and s k u l l  caps. You never 
heard one th ing.  They always came over about 8 o 'clock 
and say, "Well, do you think they ' re  through?" But he was 
always t he r e ,  and he was ah-ays f u l l  of d e t a i l s  about any- 
t h i n g  we had t o  ask him about t h a t  system. 

That was kind of negligence on qy par t  t o  repor t  when we 
were done with it; but it went so smoothly most of t h e  
days . . . 
We had a p r e f l i gh t  agreement, we'd do it every morning and 
a t  what time. I f  you d idn ' t  bomb it you wouldn't say any- 
t h ing  about it. 

Again, i n  zero g, it would have been ea s i e r  t o  s e t  up t h e  
cameras, r a the r  than having t o  lug  them around. 

Cameras a r e  f a i r l y  l i g h t .  

Mmm, not so  l i g h t .  

I guess t h a t  t h a t ' s  based on one night I s a id ,  "Story, do 
you th ink  we ought t o  s e t  these  th ings  up, f o r  Bob?" And 
he walked over and s a i d  these  a r e n ' t  very heavy [ laughter] .  
That's rqy data point. 
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I ' v e  got  t o  apologize t o  one of  t h e  f l i g h t  d i r e c t o r s  f o r  
t h a t  p a r t i c u l a r  t h i n g ,  because we were coordinating t h e  
t h i n g  by seeing on t h e  time l i n e  exact ly  when we'd be on 
t h e  dark s i d e  of  t h e  Ear th ,  s o  t h a t  t h e  l i g h t s  i n  t h e  high 
bay could be turned o f f .  And then when a l l  t h e  l i g h t s  i n  
t h e  high bay were turned o f f ,  I was s t i l l  complaining t h a t  
a l l  t h e  l i g h t s  weren' t  o f f .  Lou was apparently looking 
around t r y i n g  t o  f i n d  out  what t h e  problem was, and t h e  
problem was onboard. It was t h e  5 by 5 TV switching matr ix  
from t h e  a f t  f l i g h t  deck t h a t  was shining down through t h e  
hole  causing t h e  problems. I took a jacket up and covered 
t h a t  over and t h a t  cured t h e  problem. But t h e  re loading 
took I be l i eve  about 25 t o  30 minutes t o  load 24 p l a t e s  
which was a very  reasonable amount of t ime,  once I had 
th ings  l a i d  out  and had go t t en  used t o  it, it went r a t h e r  
smooth. 

That j u s t  shows again t h a t  you understood what you were 
doing, t h e  whole purpose of why you were doing it. You 
knew you had bad sho t s .  . . . You were a b l e  t o  go ahead 
and go i n t o  your next days f i l m  al lotment and ca tch  up 
l a t e r  with t h e  re load.  

I th ink  most of  our problems on days 1 and 2 seemed t o  be 
with our e l e c t r i c a l  connections. Once those  were s t r a i g h t -  
ened o u t ,  everything apparent ly  went smoothly. Because 

6 
of t h e  exposure and t r a i n i n g  t h a t  we had with you i n  so  
many sess ions ,  you were a b l e  t o  spot  those  times when 
th ings  d i d n ' t  malfunction because of those connections 
and, a s  a r e s u l t ,  none of  t h a t  da ta  was l o s t .  

A l i t t l e  K C 1  on t h e  connector always works. ( ~ a u g h t e r )  
Ask Chuck. 

Those a r e  two experiments, 15  and 17  out of our 20 t h a t  
Bob covered - d i d  90 percent  on. 

There was always a warm f e e l i n g  t h a t  he had them well under 
con t ro l .  Well, Chris  - Is t h a t  a l l  you have? 

I th ink  so.  

L e t ' s  go t o  18. 

I might j u s t  r e in fo rce  t h e  point  t h a t  t h e  video coverage 
would have been use fu l .  O f  course, f o r  par t  of t h e  time 
you were working i n  t h e  dark anyway, so t h a t  woulcin't have 



mattered.  3ut i n  t h e  f u t u r e ,  I th ink  we might modify t h e  
system s o  t h a t  it would be unnecessary t o  completely douse 
t h e  l i g h t s .  That way we'd be ab le  t o  monitor maybe from 
one l o c a t  ion ,  anyway. 

SPEAKER O r  j u s t  g ive  Chris  a puzzle o r  something t o  work with 
( l augh te r )  while h e ' s  s i t t i n g  t h e r e  i n  t h e  middle of t h e  
n igh t .  

CRESS We picked it up one night  on TV while I was the re .  

MUSGRAVE Yes you could, but  we turned t h e  TV cameras as ide .  Be- 
cause we're i n  a jock f o r  t h e  photos; and you ' re  naked on 
t h e  s c a l e s  and t h a t  one per iod you're co l l ec t ing  blood, 
u r ine ,  photos naked, you know, t h a t  type of th ing ,  so we 
turned them both  l i k e  t h i s .  

SAWIM 

CRESS 

CLARK 
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That was one of  t h e  amenit ies.  

No, I ' m  t a l k i n g  about before  you guys got up. I ' m  t a l k i n g  
about t h e  se tup of X-17 before  you a l l  got out of t h e  sack 
i n  t h e  mornicg. It was dark i n  t h e r e  but  . . , we had t o  
change t h e  f / s t o p  o r  something anyway . . . 
I changed t h e  f / s t o p  on t h e  color  canera. 

We could see  you doing t h e  se tup . . . I t h i n k  t h a t  was 
on day 5 o r  6 o r  so.  

Again, t h a t  w a s  usua l ly  about 3 o'clock i n  t h e  morning o r  
so when t h a t  was done, 

I th ink  t h i s  i s  p o t e n t i a l l y  a very worthwhile experiment. 
The technique seems t o  work extremely w e l l  and, coupled 
with t h e  body weight, we'd be  giving each day, you should 
be ab le  t o  r e a l l y  make something out  of it. 

Along wi th  t h e  r e l a t i v e l y  s m a l l  amount of time t h a t  it 
takes  f o r  t h e  experiment. 

We're t a l k i n g  about i n t e r e s t  i n  where volume s h i f t s  occur. 
This could r e a l l y  be productive.  

That k ind of a s i t u a t i o n ,  i f  you wanted an a c t u a l  run s i t u -  
a t i o n ,  t h a t ' s  t h e  kind of  a th ing  t h a t  can be handled with 
onboard con t ro l s ,  of  a video recording system and t h e  r e e l  
brought back. 



HUGG I t h i n k  t h e  importance i s  t h a t  it be i n  r e a l  time so we 
can help  t h e  person who's doing t h e  experiment. 

CLARK That has t o  do with e s t a b l i s h i n g  a r a t i n g  system f o r  t h e  
ground monitors. 

MUSGRAVE There a r e  o the r  s i t u a t i o n s  t h a t  would have been r a t e d  
lower than t h a t  one. 

SAW I N  The outhouse mode? P4ushrooin time 1 

MUSGRAVE Mushrooms, they went f i n e .  Dick, I ' d  have l i k e d  t o  have 
t r a i n e d  on them f o r  a whole 7-day period,  i n  t h e  p r e f l i g h t  
pe r iod ,  wi th  r e a l  mushrooms. And it a l l  went f i n e ,  but  
t h e  t h i n g  he pointed  out l a t e r ,  t h e  l i t t l e  nubbins I picked 
out t h a t  were t h e  r i g h t  s i z e  f o r  picking mushrooms ou t ,  
they  d i d n ' t  grow a t  a l l .  They j u s t  s tayed nubbins and some 
o the r  mushrooms a r e  r e a l l y  hauling ass .  What he t o l d  me 
l a t e r  on i s ,  t h a t  those  should have been harvested.  Be- 
cause, l i k e  f o r  any p lan t  system, whether i t ' s  g rass  o r  
t r e e s ,  you ge t  some t i g e r s  t h a t  s t a r t  growing and - whether 
i t ' s  a  hormonal o r  j u s t  r o o t s  and resources t h a t  they gobble 
up - when they get  going, they hog everything, and t h e  
o the rs  don' t  grow. So, apparently,  he 'd  have l i k e d  t o  have 
those  b i g  ones j u s t  cut  out  of  t h e r e .  And I d idn ' t  know 

n 
t h a t ,  and I was sending TV p i c t u r e s  down every day. I 'd  

d 
put t h e  mushrooms over i n  t h e  v e s t i b u l a r  cha i r  and then 
send a TV p i c t u r e  down t o  everybody. So I thought I w a s  
sending down t h e  condit ions.  But I looked a t  those  b i g  
ones, and I thought,  we l l ,  t h e y ' r e  not t h e  ones I picked 
o u t ,  because they were too  b i g  t o  pick ou t ,  but  a t  l e a s t  
i t ' s  da ta  f o r  somebody. We a r e  t ak ing  p i c t u r e s ,  photo- 
graphs,  and sending them down on TV. 

GRAVES We had two problems. One was t h e  f a c t  t h a t  those d id  g e t  
an e a r l y  s t a r t  and were causing t h a t  problem. The second 
t h i n g ,  I do be l i eve  we had a high content of C02 i n  t h e r e ,  

which a l s o  i n h i b i t s  t h e  sporophore formation. We're going 
t o  have t o  work on making s u r e  t h a t  we ge t  r i d  of t h e  C02 

and not dry out  t h e  chamber. A s  you a l l  pointed ou t ,  we 
had t h e  back g l a s s  open on t h a t  container t h a t  back por t ion 
w a s  drying out .  You'd have t o  keep switching t h a t  a romd.  

SAWIN I ' l l  t e l l  you, i f  you'd mentioned t h a t ,  Dick, we'd have 
whipped t h a t  over i n  f r o n t  of t h a t  mass spectrometer and 
t o l d  you what t h e  C02 concentra t ion was. 



MUSGRAVE 

SAWIN 

GRAVES 

MLTSGRAVE 

- 
GRAVES 

SAWIN 

ALEXANDER 

MUSGRAVE 

GRAVES 

SAWIN 

HENNEY 

SAWIN 

GRAVES 

MUSGRAVE 

GRAVES 

Yes, we could have j u s t  put  t h a t  mass spec c a p i l l a r y  r i g h t  
i n  t h e r e .  

Tha t ' s  something t o  do i n  t h e  f u t u r e .  

That ' s  something t o  t h i n k  about. I d idn ' t  know . . . 
We could a l s o  t e l l  you what t h e  humidity i s  with t h a t ,  t h e  
humidity of t h e  a i r  i n  t h e r e .  

Tha t ' s  good news. I d i d n ' t  know we had t h a t  capab i l i ty ;  
I would have l i k e d  t o  have known vhat t h e  C02 content was 
i n s i d e  . . . 
I f  you'd even r e a l  time thought of it, and sa id ,  hey, maybe 
i t ' s  Cop, I b e t  we'd have responded. 

That would have been g r e a t .  

We d i d n ' t  know C02 was a pos tu la ted  problem. 

We had t h r e e  problems, we have t o  have a hot  moisture con- 
t e n t ,  a high humidity, 90 percent  o r  so  t h a t ' s  what t h e  
vapor izer  t h i n g  was f o r .  The second t h i n g ,  you had t o  have 
l e s s  than  1 percent  C02 content ,  and then  you a l s o  have t o  

have a cool  temperature. Well, I th ink  we met two out of 
t h r e e  which was t h e  cool  temperature . . . 
What's a cool  temperature? I t h i n k  it w a s  warm. 

It was cool  t h e  f i r s t  day t h a t  we were i n  t h e r e  but it 
got warm a f t e r  t h a t  and it should be about 68' and it 
wasn't  68". 

No, no, you were, you were probably a t  75 o r  something 
l i k e  t h a t .  

That was t h e  a i r .  What was t h e  bed temperature though. 

The s o i l  temperature was 70, 71 every . . . It never got 
higher than t h a t .  

The bed temperature stayed about 70 o r  71 which i s n ' t  
t h a t  bad. That i s n ' t  t h e  c r i t i c a l  point .  I th ink  t h e  
c r i t i c a l  point  was t h a t  we j u s t  b u i l t  up too  much CO,, p lus  

C 

we had those  huge monsters over t h e r e  j u s t  sapping every- 
th ing .  
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I th ink  i f  I ' d  have run a whole week. I know you've got a 
hard time going t o  t h e  farm axd ge t t i ng  them a t  t he  r i g h t  
s tage .  But I '  d have been glad t o  come over 15 minutes 
every day f o r  a whole week. And I think maybe i f  you'd 
s a id ,  t he se  guys a r e  growing b ig ,  t ake  them out of the re ,  
you know, I would have learned it. I would have sa id ,  
yes ,  we want t o  ge t  r i d  of those b i g  ones when I pick out 
t h e  nubbins. 

I th ink  t h i s  was a kind of a lack of communication, I 
guess on my pa r t  a s  well as  o thers .  The times t h a t  you 
d id  t h e  mushroom experiment, I d i d n ' t  seem t o  be around, 
o r  very l i t t l e .  O r  we would have seen t h i s .  I never did 
see a video o r  TV p i c tu r e  of  you doing t h i s ,  I a l so  heard 
t h a t  you a l l  had picked some t o  ea t .  I d idn ' t  know how 
many t h a t  you had and I ju s t  assumed tha t  you had picked 
those  b i g  ones because it was them s t a r t i n g  t o  grow. 

No, I only took t h a t  one, because it was growing over a 
nubbin, and I couldn' t  ge t  i n  t he r e  t o  measure it. That 
was t h e  only reason we took t h a t  one out. 

Well, , l i k e  I say - 
We probably could have done b e t t e r ;  we probably could have 
t o l d  you when we were going t o  do them. As it i s ,  you 
kncw, t h a t  was one of those th ings ,  t h a t  I j u s t  dovetailed 
i n ,  when I picked up 1 0  minutes. 

Right, and it was d i f f i c u l t  t o  co r r e l a t e  time so t ha t  I 
was s i t t i n g  there .  I f  I ' d  ever seen t h a t  on TV, o r  Mary, 
then we would haye zapped it r i g h t  away. Hey, you've got 
t o  ge t  r i d  of  those  b ig  ones. Those . . . pins a r en ' t  
growing t oo  well .  Check t h e  C02.  It was jus t  a matter of 

timing, I bel ieve,  because we d idn ' t  get t o  see t h e  TV. 

Voicing down t o  t h e  ground what t h e  numbers were. I was 
ca l l i ng  down these  th ings  werent% growing any, t he  one's  
I ' d  marked down. 

We did  some video recording of t h a t  too we could have 
played back. 

Yes. 

The check l i s t  could have s a id ,  when you pick out those 
nubbins, harvest  any other  b ig  ones. 



GRAVES Right. 

MUSGRAVE Okay, I guess w e ' l l  be super ready fo r  t h e  next one. 

GRAVES Yes. We're working with our PE t o  get  our chamber so t h a t  
we can do some more monitoring and make sure t h a t  we can 
keep t h e  humidity high, t h e  moisture content i n  t h e  s o i l  
high, p lus  ge t  r i d  of a l l  t h a t  C02. 

MUSGRAVE * That 's  why we're doing these  th ings ,  t o  l ea rn .  

GRAVES The reason I say t h e  C02, did you not ice  on sonie of your 

s takes  you know t h e  l i t t l e  wooden pins . . . t h a t  you 
put i n .  That one i n  t h e  back was jus t  covered with mycelium. 

MUSGRAVE I d idn ' t  no t ice  t h a t .  

GFAVES It looked l i k e  it had grown ha i r .  And t h i s  does t h i s ,  
when you have high C02. You get  t h i s  r e a l  t h i ck  mycelial 

m a t  t h a t  grows up. You don' t  get  any of a e r i a l  mycelium 
t h a t  then t u rn s  i n to  t h e  pinning stage.  

ALEXANDEB You th ink  t h a t  would work on t he  MS? ( ~ a u g h t e r )  Put a 
paper sack over your head. 

MUSGRAVE St ick  my head i n  the re  10 minutes a day ( l augh te r ) .  

GRAVES Well, I do be l ieve  t h a t  t h a t  was what was causing it was 
t h e  COZY j u s t  because of t h i s  reason t h a t  from our data  

and our experience, when you have high CO - You need high 2 
CO up t o  t h e  time t h a t  you want it t o  pin.  Then you have 

2 
t o  get  r i d  of a l l  of it. And t h i s  i s  what happens when you 
continue with t h e  Cog being high. It jus t  continues t o  

grow t h i s  mycelium and nothing ever pins out ,  so you don' t  
.. get any of t h e  spores. 

SAWIN In your monitor functions t h e  next time, you might request 
then t h a t  you have a cap i l l a ry  at tached t o  your chamber 
t he r e  t h a t  can be in te r faced  with t h e  mass spectrometer, i f  
one i s  avai lable .  

GRAVES Right. 

ALE;'iANDm You a l s o  ought t o  p u l l  out t h a t  conductimeter on a TPS and 
go see  i f  i t ' s  working because Story reported every day 
pegged, 10.  

199 



MUSGRAVE It was 10-plus a l l  t h e  time. 

GRAVES It probably was down i n  t h e  s o i l .  You stuck it down in?  

MUS GRAVE As soon a s  I h i t  t h e  s o i l ,  As soon a s  t h e  center par t  of 
t h e  probe h i t  t h e  s o i l  it was 10-plus. 

GRAVES Okay. 

MUSGRAVE I never saw anything e l s e  but  10-plus. There was a  l i t t l e  
reso lu t ion .  It got t o  10-plus f a s t e r  on one end than the  
o ther .  

HENNEY 
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That ' s  something t h a t  we had jus t  put i n  a s  an afterthought.  
I don ' t  t h ink  i t ' s  r e a l l y  going t o  work - t h e  moisture 
meter - because t he r e  a r e  too  many elements the re  t h a t  
a f f e c t  . . . t h e  whole system works on t h e  d i f fe ren t  ele-  
ments you have i n  the re .  

O f  course,  t he r e  it could always be t he  th ing  t h a t  we were 
10 plus  I mean, it could always have been t h a t  moist and 
j u s t  looked l i k e  it was dr ied r i g h t  up t o  t h e  top  of 
t h e .  . . 
It was dry J u s t  on t h e  very surface.  

Ju s t  on t h e  very surface.  

MUSGRAVE But you pinch it up, it was wet. 

GRAVES J u s t  a  t i n y  b i t  under t h a t  wet c ru s t ,  o r  t he  dry c ru s t ,  . . . 
you had your 10-plus, which I doq ' t  bel ieve was our p o b -  
lem. I don ' t  bel ieve t h a t  it was moisture content t h a t  

'was our problem. I r e a l l y  don ' t .  Ju s t  because of t h e  way 
t h a t  t h e  mycelium grew a l l  over t h e  place.  

MUSGRAVE We learned a  l o t  on t h a t  one, I th ink  w e ' l l  be up a  l o t  
f u r t h e r  on t h e  next one. 

ALEXANDER 19  and 20. 

MUSGRAVE The chromatograph. The guys a r e  here? That one went super. 
Boy, t he r e  a r e  some r e a l l y  f an t a s t i c  chromatographs here. 
We got t h e  atmospherics, t h e  u r ines ,  t h e  standards, t he  
serums. And t h a t  a l l  went r e a l l y  well .  And we had a  
spec i a l  sample onboard, which wasn't something you normally 
sample and do on a  spacecraf t ,  but it was an mknown iden- 
t i t y ,  t o  go ahead and tack le .  And it was a  neat exercise 
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f o r  me t o  play with a l l  t h e  d i f fe ren t  - It r e a l l y ,  you 
know, taught me some chromatography. The other s t u f f  was 
coming down t h e  l i n e .  But here was an unknown, We d idn ' t  
know how much o r  what temperatures, we kind of narrowed i n  
on t h e  problem. Ended up - you saw - ge t t i ng  some abso- 
l u t e l y  super chromatographs out of it, steady basel ine .  
The only ?roblem, and I don ' t  know what it was, was t h e  
t r a n s i e n t  - I c a l l  it detector  i n s t a b i l i t y  - but 1 don ' t  
know. 

We've had t h a t  problem with t h a t  pa r t i cu l a r  un i t  and we 
haven't been able  t o  solve it. 

I don' t  know whether it was e lec t ron ic ,  whether it wes a 
f a c i l i t y  problem, whether it was g l i t ches  i n  t h e  e l e c t r i c a l  
power supply t o  i t ,  whether it was g l i t ches  i n  t h e  hydrogen 
o r  t h e  helium. I don't know what it was. Sut t he r e  were 
times I co-iLd get  r i d  of it by cycling between t h e  c e l l  
vol tage,  flame, and o f f .  Sometimes t h a t  would get  r i d  of 
t h e  problem, I don ' t  know why. I jus t  have an i n t u i t i v e  
fee l ing  it was i n  t h e  detector  par t  of th ings .  

I ' v e  had t h a t  problem and haven't been ab le  t o  solve ye t .  

When you changed your basel ine  t o  t he  other  s ide  of t h e  
char t ,  d id  t h a t  problem go away? It seems t o  me i n  my 
thinking through it, it did? 

No. It was t h e r e  too.  I j u s t  went over t he r e  because I 
could ge t  t he se  peaks t h i s  high, you know. On tha t  sample, 
boy . . , she 'd  z ip  up jus t  within 1 millimimeter off scale .  
My t a l l e s t  peaks. Everything cane r i g h t ,  you know, fan- 
t a s t i c .  So t h a t  was a good one. I thought t h a t  specia l  
sample was a demonstration t h a t  you could go sample any 
chamber o r ,  you know, what you found or  anything e l s e  l i k e  
t h a t ,  hydraulic f l u i d  o r  anything e l s e .  Here was an un- 
known, I d idn ' t  p lan t o  run it.  I jus t  had it the re  so 
seemed l i k e  a good exercise.  But absolutely no problems. 
Must have got ten about 70 chromatographs i n  a l l .  Something 
l i k e  t h a t .  

How much e the r  evaporation you f e l t  l i k e  you had? 

It was p len ty  i n  some of those b o t t l e s ;  they d idn ' t  hold 
t he  e ther .  

ALEXANDER Was t h a t  f i x ing  t o  b i t e  you? I f  you'd needed more e the r ,  
were you i n  t rouble?  
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I would have l i k e d  a b o t t l e  of e t he r  and, of course, t h i s  
wasn't  a  zero-g t e s t .  I would have l i ked  a b o t t l e  of e the r  
so  I could f i l l  my own tubes arid come up with more. I was 
running out of it i n  terms - Had a t o t a l  o f  t e n  samples, 
a s  I remember, but  i.f you run a u r ine ,  t h e r e '  s t h r ee  gone; 
you run a serum, t h e r e ' s  another t h r ee  gone. 

Did you have a r e f r i g e r a t o r  onboard? 

Yes, we did .  

That would he lp  t h e  evaporation problem. It went r e a l  
we l l  f o r  one t h a t  wasn't  f l i g h t  planned. 

We got a l o t  out  of it. The r e f r i ge r a to r  reminds m e  of t h e  
f reezer .  The f reezer  was chock f u l l .  We d idn ' t  have enough 
f r eeze r  space. I took a photograph of t h a t  t o  show what it 
looked l i k e .  

Orange Popsicles? 

We had s t u f f  . . . 
Those BMS samples were bulky. They were packaged kind of 
dinggy . 
There was hardly  a cubic centimeter t h a t  wasn't  f u l l .  We 
d i d  not have enough f r eeze r  space f o r  t h e  b io log ica l  
requirements. 

Falcon tubes  don ' t  f i t  together  n ice ly  e i t h e r  i n  a rack; 
t h e  BMS samples don' t  f i t  n ice  together .  

Got any more on t h e  chromatograph? Howard's happy with 
t he  s t u f f  he  saw. 

So f a r ;  h e ' s  out  of town today. I haven' t  had a chance t o  
r e a l l y  t a l k  t o  him about i t ,  but he seemed pleased. 

We have D r .  Golden a t  1 : O O ;  and then w e ' l l  pick back up 
with core debr ief  a f t e r  t h e  X-21. This i s  X-21; D r .  
Golden, t h e  PI .  

We never would have recognized him, of course. 

Are they  asking me o r  am I asking them? 

You kind of have t o  . . . I guess we lead  . . . Do we 
l e a d  t h e  presenta t ion? Yes. 
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I t ' s  appropr ia te  t h a t  I t  reverses  on t h i s  one s ince  I was 
t h e  P I ' S  represen ta t ive  i n  t h e  s i m .  

I guess I know what PS 2 th inks  about t h e  experiment and 
con t ro l  of t h e  experiment. MS, how did  you f e e l ?  Was 
t h e  experiment r e a l l y  a b i g  imposition on your time l i n e ?  

No, it wasn't  a t  a l l .  It wasn ' t ,  no. I f e l t . g u i l t y ,  r e a l l y ,  
about not giving it a l i t t l e  more. I may have jus t  run 
maybe a couple of  monitoring functions.  But, of course, 
we got a l l  t h e  SAA's, of  course. We got about f i v e  of them. 

Yes, I no t i ced  t h a t .  

F u l f i l l i n g  t h a t  . . . , I would have l i k e d  t o  have been a 
l i t t l e  smarter; you get  r i g h t  down t o  it, i n  t h e  systems. 
One t h i n g  I ' d  hcve l i k e d ,  one suggestion i s ,  maybe I j u s t  
d i d n ' t  have enough experiments. I ' d  have l i k e d  a CHT 
overlay t h a t  I can plop on a CRT, and so  I don' t  count rows 
and columns. Now you probably, with your experience, you 
probably d i d n ' t  even have t o  count. You saw a number and 
you knew what it was. And t h i s  may be going i n t o  it too  
deep, but  I ' d  l i k e  an overlay on t h e  CRT t h a t  you can see 
t h e  number. But I ' d  l i k e  t h e  overlay and t h a t  nun~ber, what 
i s  i t ?  

The only t h i n g  we have room f o r  on t h e  screen i t s e l f  - 

No, I mean a p iece  of  paper, a cardboard t h a t  you throw 
over it. 

How would you f e e l  about a CRT, say, t h a t  has room f o r  
twice a s  many charac te r s?  You could r e a l l y  have t h e  name? 
Real honest-to-God, English name on t h e  perimeter wr i t t en  - 

An overlay would be f i n e  with me. 

Okay. 

And j u s t  a couple o the r  r e a l  n i t t y s  and t h a t ' s  handing over 
t h e  experiment. There were a couple of th ings  t h a t  weren't  
handed over. Like T P ~  was up yellow. Well, t h e  f i r s t  
t ime - I sho~3.d have been maybe monitoring air-to-ground. 
That was t h e s e  guys laughing. But maybe i f  I was more 
at tuned.  There was a l o t  of t r a f f i c  on 21, and I tend t o  
probably block it ou t ,  which you shouldn ' t  be doing. But 
you know we're doing our t h i n g  down the re .  We're having 
our air-to-ground on our s t u f f .  And I probably tended t o  
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ac t i ve ly  block out what was going on t he r e ,  because I had 
so much going. And I ' d  l i k e  t o  hand it over, I ' d  have l i ked  
t o  have known when I went up t he r e  t h a t  T P ~  was yellow and 
forget  it. I t ' s  already been worked. 

Right. 

And the re  was one other  t h a t  came up l i g h t  blue,  I forget  
what - But anyway I went up t he r e  and here ' s  l i g h t  b lue ,  
and I know i t ' s  no b ig  deal ,  but I c a l l  it because I see 
i t ,  and I could have saved some voice communications. 

Yes. 

The only other  th ing  t h a t  got t o  us was t h e  l ens  had been 
switched over t o  t h e  other  camera. 

Yes. 

We cl icked of f  a couple t h a t  weren't  i n  focus. 

That was a PS2 e r ror .  Ju s t  had one lens  f o r  t he  close-up 
camera f o r  taking t h e  Polaroid photos and I ' d  moved it over 
t o  t ake  black and white so we're on t h e  Tektronics scope 
and had not moved it back p r i o r  t o  h i t t i n g  t h e  sack down- 
stairs. 

One time I very ca re fu l ly  stopped t he  camera and took a 
p i c tu r e ,  reached up t o  p u l l  t h e  f i lm and I hadn't put sny 
fiknpack i n  it. 

GOLDEN They always do t h a t  . . . 
SAWIN I always t r y  t h e  empty filmpack. 

MUSGFUlT2: I f e l t  g u i l t y  about not pa r t i c ipa t i ng  more i n  t h e  experi- 
ment . . . That ' s  t h e  way I f e e l  Secause I l i k e  t o  run 
everytning . 

GOLDEN Yes. 

MUSGRAVX And, bu t ,  when you look a t  t h e  time l i n e ,  ac tua l ly  Bob had 
more -time than t h e  t h r ee  of us.  

GOLDEN Yes. 

MUSGRA i' He helped us out an awful l o t  i n  l i f e  sciences by f i l l i n g  
i n  t h e  th ings  t h a t  any one of t h e  th ree  of us could do. 

204 
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Tha t ' s  one of t h e  r e a l  advantages i n  a  mul t id i sc ip l ine  
mission,  I th ink .  We could have s e t  up t h e  SAA program so 
t h a t  you could h8ve typed i n  a  t ime,  say previous t o  any 
one SAA t o  i n i t i a t e  it o r  deac t iva te  it. We chose not t o  
do t h a t ,  f o r  a couple of  reasons. One, t h e r e  wasn't time 
t o  w r i t e  t h e  software. But, t h e  o ther  reason why was a t  
l e a s t  t o  m y  th inking.  There were many s i m i l a r  experiments 
where we could not  p r e d i c t  t h e  occurrence. You know, you 
could not  i n i t i a t e  it remotely. You'd have t o  have some- 
body t h e r e  watching when it happened. 

I ' m  r e a l  g lad  we d id  t h a t ;  I ' m  r e a l  g lad  we d id  t h a t .  

Since I have a  kind of a s l i g h t  i n t e r e s t  i n  astronomy and 
maybe t e c h n i c a l l y  involved i n  it sometime, I ' d  l i k e  t o  ask 
you a  couple of ques t ions  about how you f e e l  about point ing 
th ings?  

Point ing missions? 

Yes. Missions where - Suppose our te lescope a c t u a l l y  had 
t o  be  o r i en ted .  You know t h a t  t h e  SAA was a  - was a  bother 
f o r  you guys, you know, because it seemed t o  always come 
when you were cabled up o r  something, you know. 

Yes, but  it ended up I f e l t  I d idn ' t  do enough of t h e  
experiment; I was g lad  t o  have it. 

Okay, But suppose t h a t  t h e r e  were - l e t  me, j u s t  give a  
for- instance s i t u a t i o n  - suppose t h e r e  were not four SAA's 
a day but  a  couple of  dozen. You'd r e a l l y  - What do you 
f e e l ?  Do y o u t h i n k  you would r e a l l y  have t o  have a  dedi- 
ca ted  PS t o  t a k e  ca re  of t h a t ,  o r  could - 

Probably a  CDR o r  PLT r i g h t  now. 

Somebody - other  than  us.  

Okay, t h a t ' s  a good point .  

No, it could be us ,  bu t  probably CDR o r  PLT. 

Yes. 

CDR and PLT w i l l  be up the re .  

I think l i k e  we've been l ea rn ing  a l l  along here,  you've got  
t o  get  t h e  whole gang of  people together  and look a t  t h e  
mission. 
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Yes. 

For a  given time. There may be biology PS up there  and a  
CDR i s  being run on a  cardiovascular experiment. 

Right.  Yes. I 
You got t o  l e t  t h e  whole t a sk  s o r t  out .  b 

I 

Right.  I t ' s  probably a  good idea  t h a t  a l l  t h e  crew know 
each o the r ' s  functions a s  well  a s  poss ible  because then 
they can r e a l  time make adjustments t o  pinch h i t  f o r  each 
other .  

I j u s t  don ' t  th ink  we're going t o  get  t o  where you load 
t h e  bus up with all s t rangers  and go f l y .  Because some- 
body's paying 25 mi l l ion  do l l a r s ,  and they a r e  going t o  
want t h a t  back, i f  f o r  no other  reason. And NASA i s  going 
t o  be paying a  l o t  of t h a t  and a s  i n  t he  past  they ' re  suc- 
cess o r ien ted ;  they want success. I jus t  don't think we 
can load t h e  bus up with s t rangers .  You got t o  load t h e  
bus up with a  team. - 

You guys had what? About 3 months t o  r e a l l y  work together ,  
r i g h t  ? 

Yes. 

Do you th ink  t h a t ' s  an adequate time? 

It worked f o r  t h i s  one. 

Yes. 

But we d idn ' t  have mission t r a in ing .  

Yes, t h a t ' s  r i g h t .  

We had individual  ,experiment t r a in ing .  

Yes. 

We had 2 days, maybe a t  t h e  most 3, of mission t ra in ing ,  
where you s o r t  out a l l  t he  t asks  and t he  r e a l  division of 
l abor  i n  terms of running th ings  i n  p a r a l l e l  r e a l l y  shook 
i t s e l f  out .  But i f  you look a t  t h e  r e s u l t s ,  we did amaz- 
ingly  wel l .  
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I ' l l  be t  it would take  6 t o  9 months t o  take a PS from 
a un ivers i ty  environment, o r  something s imi la r ,  b r ing  him 
i n ,  fami l ia r ize  him with a l l  aspects of t h e  program, then 
tune them i n  t o  a payload s p e c i a l i s t .  

Some a r e n ' t  going t o  make it. Some people you can ' t  do 
t h a t  with. 

No matter  how care fu l  you are .  

Yes. 

The biggest  emphasis on t h a t  would be t o  seem t o  be ,  t o  
me, would be t h e  mission type t r a in ing .  To look a t  t h e  
crew in te rac t ions  - 
That ' s  where you're going t o  optimize . . . t h a t  type of 
th ing.  

Is it a l so  legi t imate  t o  d i r ec t  questions? A question 
has j u s t  occurred t o  me with regard t o  t h i s  complexity of 
operation.  Car ter ,  do you th ink  we imposed an extraordi-  
nary load  on t h e  ground s ide  of t h e  system? 

Not a t  a l l ,  I ce r t a in ly  don't.  As a matter of f a c t ,  I 
f e e l  l i k e  we could have helped X-21 even more than we did. 

I was personally very, very pleased with t h e  access t h a t  
we had t o  what was going on i n  t h e  payload, t h e  a b i l i t y  t o ,  
you know, j u s t  kind of horn i n  on t h e  loop - 
We were horning i n .  I t ' s  amazing. There's times both 
loops were t a lk ing .  

Yes. 

MUSGRAVE And you can channel your ea r  t o  l i s t e n  t o  who you want t o .  
And the re  were times it had t o  happen. 

GQLDE3 Yes, t h a t ' s  r i g h t .  
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You know, because we were pumping down real-time s tu f f  and, 
God, we j u s t  had t o  have it down, and two voices going s i -  
multaneously back and f o r t h  and everybody ge t t i ng  t h e  mes- 
sage, 3 . 0 ~  know. 

Right. 

Another t h i n g  I ' d  l i k e  t o  say here. During t r a in ing ,  we 
learned t h a t  t h i s  happened over a period of time. That 's  
something e l s e  t h a t  you can ' t  take  a man out of a univer- 
s i t y  and teach him. He's going t o  have t o  s i t  on some 
console, l i s t e n  t o  mult iple conversations on t he r e  and 
l ea rn  t o  pick them out;  otherwise t h e y ' l l  never be able  
t o  . . . you tune your wives out t h e  same way ( laughte r ) .  

I might say on t h a t  t h a t  I f e e l  a l i t t l e  edgy on t h a t  be- 
cause it was during our balloon grograms and our f l i g h t s  
on t h a t  we had a s  many as  12 people on t h e  loop with hot 
mikes. We've had t o  have procedure d i s c ip l i ne  on corn. 

There was a l o t  of t r a f f i c .  

Yes, t h e r e  was r e a l l y  was. 

Hell  of a l o t .  And it was not t h a t  we couldn' t  get  i n  
when we had t o ,  it was jus t  a l o t  of t r a f f i c ,  going baa, 
baa ,  baa, a l l  t h e  time. So a s  Story sa id ,  we missed some 
th ings  t h a t ,  af'ter a while you ,just t r y  t o  forget  i t ' s  
t he r e  and go on about your business.  

Those were th ings  I should have taken care  of i n  t h e  hand- 
over. 

Not necessa r i ly .  I t ' s  j u s t  a f ac t  of l i f e .  There was a 
l o t  of t a l k i n g  going on. 

Did you a l l  r e a l l y  have a handover? 

It was a continuous process. There wasn't a formal hand- 
over on anything. We were l i v i n g  together .  

Yes. 

Maybe b e t t e r  than a handover i s  some form of s t a tu s  avai l -  
able  f o r  whoever comes up t o  look a t  t he  console whenever 
they do, and some way i n  our procedures of recognizing 
s ign i f i c an t  th ings  t h a t  ought t o  go on our l i t t l e  s t a t u s  
board. 
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Perhaps a  log?  

A CRT card  t h a t  you can e rase  on arid he puts  i n  b lue  and 
yellow. l a e n  you come up and look: Blue and yellow, yes 
t h e y ' r e  t h e r e .  O r  something. 

Because a s  I see  i t ,  t h e r e  were many gray a reas .  You know, 
we d i d  not  have del ineated  r e s p o n s i b i l i t y  t h a t  s a i d  you ' re  
responsible  f o r  X-21, because h e ' s  as leep.  That would be 
an i n e f f i c i e n t  way t o  run t h i n g s ,  I th ink .  

You wake him up. 

Yes, r i g h t .  

You know, when sen t ry  . . ., i t ' s  down a t  t h e  bottom t o  
wake him up. 

We'd have been a t  him before  going up t h e  ladder ,  and then 
go* 

You f i n d  t h e  s c a l e  i s  down by 1 from t h e  to lerance  s e t .  
You know based on conversation you've overheard t h e  l a s t  
few days, t h a t  t h e  to le rances  a r e  somewhat empirical  a t  
b e s t .  So you know t h a t  t h e  t h i n g  i s n ' t  crashing,  y e t  you 
f e e l  an ob l iga t ion  t o  inform someone, hey, low p o i n t ' s  
supposed t o  be 55 and i t ' s  54 o r  something l i k e  t h a t .  

The r a t e s  d i d  s l i p  downward s l i t t l e  b i t .  

I no t i ced  t h a t  and I don' t  understand it. 

If you r e a l l y  had horrendous problems - He has t o  s l eep  
sometime. 

Right. 

We'd have been t ak ing  those  over and we'd have gotten 
exerc ised a  l o t  more. 

Yes. I n  a  way, i t ' s  s o r t  of unfortunate t h e  experiment - 
d i d n ' t  have more t roub le .  

Same wi th  ours.  

We found out  we were having t r o u b l e  with t h e  fan bearings 
during t h e  mission. We s t a r t e d  cycling them. Did t h a t  
come out  s a t i s f a c t o r y ?  
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Oh, yes ,  absolute ly .  The s ignature  f o r  problems would 
have been a p a r t i c u l a r  s e t  of d i g i t i z e r s  i n  t h e  experiment 
would have s t a r t e d  t o  malfunction. We saw no c lue  of 
t h a t  throughout t h e  e n t i r e  mission. 

Back t o  your ques t ion,  Bob. I f e l t  somewhat remiss though 
i n  t h a t  RSA go t  t r e a t e d  l i k e  a s tepchi ld .  

Well, i n  a sense . . . 
It was easy t o  i d e n t i f y  with X-21, but  . . . 
Yes. 

RSA had t o  wa i t  on The a v a i l a b i l i t y  of t h e  Test Direc tor  
loop t o  t a l k .  I always f e l t  l i k e  t h a t  RSA . . . 
Well, you know one of  t h e  reasops which I guess I should 
have discussed with t h e  t e s t  team, i s  t h a t  t h e  f a c i l i t y  of 
RSA was not what we intended f o r  t h e  mission. h%at we 
intended t o  have was almost an exact dup l i ca te  o f  what- was 
i n  t h e  payload s p e c i a l i s t  s t a t i o n .  And it crashed t h e  week 
before  t h e  mission,  so  we had t o  put our backup computer i n  
t h e r e .  I couldn ' t  t e l l  near ly  a s  much from t h a t  a s  I could 
from t a l k i n g  t o  Bob. And using t h e  Sony downlink. That 
t o l d  me a heck of a l o t  more than my backup computer d id .  
So RSA d i d n ' t  ge t  exerc ised a s  m ~ c h  as  it should have and 
it d i d n ' t  con t r ibu te  a s  much. 

We were doing what you would have done from RSA i n  t h e  
backroom with  t h e  Sony and t h e  Polaroids.  

I f  we were t o  go through t h i s  again,  and t h a t  end of it was 
up, I t h i n k  we'd f i n d  RSA being exercised a l o t  more. It 
wasn't  exerc ised;  t h e  reason it wasn't exercised had nothing 
t o  do wi th  t h e  ease of exerc is ing.  It was jus t  t h a t  t h e  
u t i l i t i e s  t h a t  were t h e r e  were . . . 
It was a good opportunity t o  evaluate a t r u l y  remote con- 
t r o l  a rea .  

Yes, I can s u r e  see  from a PI  standpoint  t h a t  would be a 
very comfortable way t o  operate.  With what l imi ted  v i s i -  
b i l i t y  I had wi th  t h e  experiment, looking a t  t h e  graphs 
t h a t  I d i d  have, and t a l k i n g  through you and X-21 t o  t h e  
payloads, it w a s  q u i t e  comfortable. 
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ALEXANDER I t h i n k  t h a t ' l l  always s t a y ,  but  I would recommend t h a t  
you guys need a'backroom loop where you a l l  can t a l k  t o  
one another ,  

GOLDEN That would be  very n ice .  We used t h a t  phone an awful l o t .  

ALEXANDER Not have t o  w a i t  on a v a i l a b i l i t y  of t h e  Test  Direc tor  loop. 
The air-to-ground has  t o  be control led  procedural ly ,  prob- 
ably  by t h e  Science Manager, t h e r e ' s  no reason why you 
couldn ' t  have an SSR type  loop. 

I guess one o the r  t h i n g  we b e t t e r  mention now, You g w s  
encountered a l o t  of ~ r o b l e m s  with mag %apes and th ings  
l i k e  t h a t  onboard, d i d  you? 

MUSGRAVE No, we d i d n ' t .  

Oh, you d i d n ' t ?  

MUSGRAVE They were opera t iona l ,  some opera t ional  th ings .  

Some funnies .  

I was wondering i f  you not iced anything e l s e ,  any o the r  - 
e f f e c t s  o f  t h e  magnet? 

MUSGRAVE EM1 was extremely clean.  

Except f o r  detuning t h e  co lo r  TV, I th ink.  

MUSGRAVE Except f o r  t h e  walkie-talkies.  

Yes, r i g h t .  

MUSGRAVE That added something t o  t h e  v e s t i b u l a r ;  it was t h e  c leanes t  
veh ic le  I ' v e  ever  seen i n  terms of EMI. 

They had i s o l a t i o n  down t h e r e  i n  t h e  Spacelab module on 
t h e  racks t h a t  we d i d n ' t  have i n  power on t h e  f l i g h t  deck. 
We had no i s o l a t i o n  up t h e r e  whatsoever. 

Tha t ' s  one of t h e  reasons our engineering parameters bounced 
around a l o t .  They were g e t t i n g  a l i t t l e  noisy. 

Got anything s p e c i a l  t o  add? 
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A l l  problems were caused by me, not knowing how t o  use t h e  
camera. 

You've been f l y i n g  them balloon f l i g h t s  a  l o t .  Do you 
t h i n k  we contr ibuted anything toward your g e t t i n g  ready 
f o r  a space f l i g h t ?  

Oh absolute ly .  Without a doubt. 

I n  add i t ion  t o  what you've already learned on f l y i n g  them 
balloons? 

Yes, because t h e  ballooning opera t ional  environment i s  
r e a l l y  d i f f e r e n t .  The degree of d i s c i p l i n e  required  f o r  
spacef l igh t .  I t ' s  ~f course g r e a t e r ,  because you've got  a  
l o t  more going on. The methods of experiment con t ro l ,  I 
t h i n k ,  a r e  going t o  be p r e t t y  much t h e  same. D e t a i l s  of  
how you i n t e r a c t  wi th  t h e  experiment, except t h a t  you have 
t h e  i n t e r e s t i n g  opt ion of  having somebody t h e r e  with t h e  
veh ic le  t h e r e  a r e  some d i r e c t  feedback mechanisms t h a t  
wouldn't be p r a c t i c a l .  

You t h i n k  you l ea rned  something? 

Yes, opera t iona l ly ,  we learl lsd a whole heck of a  l o t .  I 
f e e l  very,  very conf ident ,  i n  t h e  conf igura t ion t h a t  we 
could put  forward i n  a proposal.  I f e e l  very confident 
i n  our being a b l e  t o  support it and see it produce science 
from t h e  ground, both  ends of t h e  loop i n  our experiment, 
t h e  ground p a r t  of it and t h e  a i r  p a r t  of it. I increased 
my confidence i n  t h e  s o r t  of way I wanted t o  do i t ,  and 
added some d e t a i l s  t h a t  j u s t  couldn' t  have been t h e r e  be- 
f o r e .  One t h i n g  t h a t  was i n t e r e s t i n g .  We d i d n ' t  have a 
software uplink.  And, you know, we don' t  software uplink 
t o  t h e  balloon gondola. It doesn ' t  have anything t o  t a k e  
sortware r i g h t  now. I t ' s  going t o  have a computer i n  it 
soon; it doesn' t  now. But we d id  some software toge the r ,  
hand-coded software over t h e  voice loop and t h a t  worked 
extremely wel l .  

Such a s  changing t h e  SAA procedure on day 1. 

And a l s o ,  you know, manual patches t o  t h e  program t o  a d j u s t  
constants  and what-not. That worked extremely wel l .  I 
was very pleased.  But what we couldn' t  do i s  uplink new 
source software,  r e a l l y  e labora te  changes t o  t h e  code. 
And t h e r e  developed a need i n  t h e  middle - o r  d e s i r e ,  not 
a hard need; it wasn't  a  mat ter  of an experiment succeeding 
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or  f a i l i n g  - but an i n t e r e s t  i n  t ry ing  some new th ings ,  
and t he r e  wasn't any way t o  get  them up. And you guys i n  
t h e  l i f e  sciences experiments had software uplinks,  r i g h t ?  
I th ink  we r e a l l y  need t h a t  too. I th ink that  general  
capab i l i ty  i s  very important. And t o  complement t h a t ,  I 
th ink  you need a machine on the  ground t h a t ' s  i den t i ca l  t o  
t h e  one, i f  you have one, i n  t h e  payload . . . You need 
t h e  same machine on t h e  ground a s  you have i n  t h e  a i r .  
There's been several  times I wanted t o  t r y  a procedure I 
had no machine t o  t r y  it on. And I was hes i t an t  t o  uplink 
it because i f  we blew t h e  f l i g h t  software, we'd be l e f t  
holding t h e  bag. So t h a t ' s  something I de f in i t e ly  want t o  
change. A mission ru l e  fo r  us i s  t o  have an operating 
ground system, a t  l e a s t  from a softtiare s t  andpoint, iden- 
t i c a l  t o  what's i n  t h e  a i r .  

The t h ing  on looking towards Shut t l e ,  t h e  th ings  we learned 
out of it. I learned a heck of a l o t  from t h e  t e s t  ops 
team on what procedures a r e  needed, what information we 
need t o  get  i n t o  t h e  system, what information we need t o  
get  back, from crew planning, procedures, payloads, a l l  of 
t h e  d i f f e r en t  fmct ions  of t he  t e s t s  ops team. I th ink  
it w i l l  be invaluable when we s t a r t  looking towards t h e  
ac tua l  Shut t l e  payloads. 

Another th ing .  We're r e a l l y  ge t t ing  down t o  t h e  nuts and 
b o l t s  s t u f f ,  t he  lack of EM1 problems caused by t h e  magnet, 
o r  t h e  small nature  of them. 1'11 t e l l  you t h a t ' s  a 
double-barreled shotgun f o r  us i n  our proposal. I f  t h i s  
experiment f l i e s ,  i t ' s  going t o  be based on, you know, com- 
p e t i t i v e  se lec t ion .  

MUSGRAVE Did anybody e l s e  do any quanti tat ive-type measurements on 
EM1 except f o r  what we did i n  in tegrated t e s t s  i n  t h e  
whole week? Of course, you can look a t  t he  data. But it 
was r e a l l y  clean;  t h a t ' s  t h e  cleanest  vehic le  I ' v e  ever 
seen, from what we can see. 

MUSGRAVE Has t he r e  been anything e l s e  i n  terms of a quan t i t a t ive  
look a t  EMI? 

LAFFERTY Bob was speaking of t h e  experience i n  meshing t h e  t e s t s  
ops team. I th ink  probably t he  only element of t h e  t e s t s  
ops team t h a t  we d idn ' t  mesh wel l  with might-have -been t he  
sa fe ty  people. 

GOLDEN Right ( l aughte r ) .  Nobody does. I t ' s  been t h a t  way f o r  
years.  



CLARK 

MUSGRAVE 

DELUCA 

SAWIN 

DELUCA 

CLARK 

I wasn't  aware of a l l  t h a t ' s  going on. 

Neither  was I. I s t i l l  don ' t  know what t h e  h e l l  i s  going 
on i n  t h a t  a rea .  I guess I ' v e  got  t o  read a repor t  o r  
something. 

No, you don ' t  have t o  read t h e  r e p o r t s ;  we can t a l k  about 
them. 

I s  t h e r e  a s a f e t y  man i n  t h e  room? ( ~ a u g h t e r )  

It doesn ' t  mat ter .  

I t ' s  going t o  be t r ansc r ibed .  L e t ' s  t a l k  about i t ,  I ' d  
l i k e  t o  f i n d  out  more about it. 

Well, I guess I can do a confess ional  r i g h t  here .  We 
caused a l o t  of d i s t r e s s  i n  t h e  s a f e t y  . . . We caused a 
l o t  of d i s t r e s s  a s  f a r  a s  t h e  s a f e t y  o f f i c e r  i s  concerned 
when we topped o f f  t h e  magnet. A number of t h e  th ings  he 
d i d n ' t  l i k e ,  some of them which I r e a l l y  agree with.  You 
know, a group l i k e  ours  tends  t o  get  a l i t t l e  b i t  l a x  be- 
cause i t ' s  been doing t h e  same t h i n g  f o r  so many years .  
And it came from a imivers i ty  i n  t h e  f i r s t  p lace  and so  it 
was super lax  t o  begin wi th  and what t igh ten ing  up i t ' s  done 
i s  because a l i t t l e  b i t  of manned space-fl ight  environment 
has rubbed o f f  on us.  But f o r  example, t o  us i t ' s  very 
commonplace, completely s t ra ight forward and very s a f e  t o  
t r a n s f e r  l i q u i d  n i t rogen with s u r g i c a l  tubing.  We found 
s u r g i c a l  tub ing  t o  be very s a f e  mechanism. It doesn' t  
crack a t  low temperatures,  l i k e  some th ings  do, Tygon. The 
pressures  involved a r e  usua l ly  a couple of p s i ' s  and t h e  
flow r a t e s  a r e  very low. So, even i f  you were t o  have a 
l i n e  break o r  ge t  loose ,  t h e  quan t i ty  of LN l i b e r a t e d  i s  
so  small  t h a t  you couldn ' t  hardly  ge t  a burn from it. I ' v e  
never had a burn,  I don ' t  know. 

MUSGRCLVE Did t h e y  know t h a t  we had a b i g  b o t t l e  of it i n s i d e  t h e  
spacecra f t ?  

WLDm Probably no t .  

MUSGRAVE I ' m  s e t t i n g  a Dewar on t h e  f l o o r ,  and pouring t h a t  out  
of  t h e  Dewar and grabbing it with  a naked hand and p u t t i n g  
it i n s i d e  an oven. Tha t ' s  what t h e  procedure read.  It 
always astounded me but  I kept  doing it ( l a u g h t e r ) .  I t ' s  a 
good t h i n g  they  d i d n ' t .  It would have brought t h e  t e s t  t o  
a screeching h a l t !  I f  they 'd  saw t h a t ,  Boy!, I j u s t  couldn ' t  
b e l i e v e  I was looking a t  t h a t  t h i s  s t u f f  bubbling, and 1 
says,  "Hey, Chuck, you know t h i s  i s  r e a l l y  l i q u i d  ni trogen." 



I kept t e l l i n g  him it r e a l l y  wouldn't hur t  hirn t h a t  much. 

MUSGRAVE You grab t h e  cup, you know, put it i n  t he  oven, it ge t s  
ho t ,  and i t ' s  doing a l l  t h i s  s t u f f .  Oh well .  

GOLDEN There a r e  opportuni t ies  i n  what we do t o  get  extremely bad 
cryogenic burns, but I don ' t  a ssoc ia te  any of those oppor- 
t u n i t i e s  with t h e  f i l l i n g  operation. 'Where you get  i n t o  
t roub le  i s  i f  t h e  magnet t r ans i s t i ons  and somebody happens 
t o  be near  t h e  exhaust fan. Oh, I ' l l  t e l l  you, t h a t ' s  
cooling. I f  you want some cool. That 's  gas cool, so you 
can ' t  ge t  away from it, l i k e  a l i qu id .  But i n  any case,  
he objected chapter and verse ,  you know, qxoted from t h e  
sa fe ty  manual, t o  our procedures. And, you know, t h a t ' s  
h i s  job. Chapter and verse ,  we were v io la t ing  them b l a t an t l y .  
I th ink  t h e  rememdy i s  t o  t ake  a hard look at t h e  procedures 
and they need a few more q u a l i f i e r s .  For example, one, 
t r ans f e r i ng  l i q u i d  nitrogen depends on what pressure you ' re  
t r ans f e r r i ng  it under, what type of l i n e s  a r e  safe .  Not 
jus t  ca tegor ica l ly  you need a 3000 p s i  l i n e .  In  order t o  
be a s  cooperative a s  we can and do our be s t ,  we went and 
got some 3000 p s i ,  s t a i n l e s s  jacketed l i n e ,  proof-tested 
it t o  30 p s i  and employed it i n  t h e  t r ans f e r .  We a l so  
have pro tec t ive  garments - don ' t  have protect ive  aprons, 
we should get  some - but ,  you know, gloves and helmet and 
t h e  guys were j u s t  sloppy about using it. And t h a t ' l l  
change a l so .  Those don' t  r e a l l y  impose a b ig  r e s t r i c t i o n  
on us .  Where we get  i n t o  r e a l  problems i n  sa fe ty ,  f o r  
example, i s  when they look ins ide  our payload, and they see  
Tygon tubing plopped a l l  around. They want t o  know i f  it 
has been proof-tested. Well, no, it can ' t  be proof-tested. 
I mean, it can be proof-tested p r io r  t o  being i n s t a l l ed  i n  
t h e  payload. But once i t ' s  i n s t a l l e d ,  it can ' t  be proof- 
t e s t e d ,  because t h e  pressures involved destroy t h e  detec- 
t o r s  t h a t  t hey ' r e  connected t o .  And s ince  they ' re  swage- 
lock,  compression-type f i t t i n g s ,  i t ' s  no good t o  proof-test  
them before you put them together .  Well, t h e  whole th ing 
i s  r a the r  r id iculous  because t h e  operating pressure i s  0.1 
p s i .  And t h e  s a f e ty  valve i s  0.2 p s i .  But t h a t  d is turbs  
t h e  sa fe ty  people and i t ' s  j u s t  because we've got t o  get  
t h e  chapter and verse changed. I think we need to  t ake  a 
good hard look a t  t h e  sa fe ty  regulations.  And they've got 
t o  go i n  both d i rec t ions .  

MANGOLD Bob, one of t h e  problems on t h i s  t e s t  was, though, tha.t 
sa fe ty  guy t h a t  s a t  i n  on most of t h e  meetings never showed 
up a t  t h e  t e s t ,  he was on vacation. The guy you had over 
t he r e ,  h i s  in t roduct ion t o  t e s t s  was he was over on t h e  
console. About day 5 ,  I took him outs ice  and ta lked t o  
him f o r  about an hour. 



GOLDEN While somebody e l s e  worked ( l augh te r ) .  

SAWIN While they reloaded t he  LN2. 

MUSGRAVE Who was i t ?  

MANGOLD It was Morledge. Jack had, he come on it cold. Bob was 
on vacation.  So I t o l d  Jack t h a t  i f  he had objections 
l i k e  t h i s ,  don ' t  bring them up i n  t he  middle of t h e  t e s t .  
You guys a r e  supposed t o  be here a week before t h e  t e s t s ,  
and discuss  it. 

CHAS SAY I th ink  one of t h e  th ings  t h a t  might come about too i s  once 
we ge t  i n t o  t h e  s l o t  of beginning t o  bu i ld  f l i g h t  hardware, 
sa fe ty  and r e l i a b i l i t y  and qua l i ty  get  involved a t  t h a t  
po in t ,  so  they know everything from conception up. And i f  
they ge t  i n  t h a t  l a t e ,  chances a r e  they would not have a 
h i s t o ry  of da t a  t h a t  you guys were working with. 

GOLDEN That 's  a very good point ,  because we've had s imi la r  i n t e r -  
ac t ions  with t h e  qua l i ty  people. And t h e  r e l i a b i i i t y  
people. And I must say I am r e a l l y  pleased with those in- 
t e r ac t i ons .  Because they s t a r t  with hass les .  You know, 
l i k e ,  "Aw, God, he can ' t  do t h a t  ." Well, I ' d  believe I 
can ge t  t h a t  . . . Fina l ly  they got so f ru s t r a t ed  with us ,  
they assigned somebody t o  us. That ' s  what cracked t h e  nut.  
We got some r e a l  understanding of vhat we have t o  do and 
some r e a l  understanding of what we do t h a t  r e a l l y  might be 
r i sk ing  our chances of achieving what we're a f t e r .  

C HAS SAY Correct .  

GOLDEN And t h e  guy r e a l l y  pitched in .  And he i s  s t i l l  p i tching 
i n .  And h e ' s  a l l  over t h e  payload and he ' s  more than wel- 
come t o  be,  because he ' s  taking a constructive approach. 

CHASSAY Well, these  people, of course, t r a ined  i n  t h a t  area .  I ' m  
not with those  people, but  it seems l i k e  I ' v e  s l ep t  i n  bed 
with them f o r  t h e  l a s t  5 o r  6 years .  

GOLDEN Well, it seems t o  me t h a t  ought t o  be a very good th ing  t o  
do with t h e  s a f e ty  people. And I ' m ,  kind of opening t h e  
pandora's box t h e r e  because, my God, a sa fe ty  man i n  my 
building! He might not l e t  me i n .  But nonetheless some- 
times we need t o  work c loser  together t o  understand what 
each o the r ' s  - He's got t o  help us understand what our bona 
f i de  s a f e ty  problems a re .  And we've got t o  help him under- 
s tand what l im i t a t i ons  we have i n  terms of our s c i e n t i f i c  
object ives .  
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CHASSAY A l o t  of  t h i s  whole t e s t  I can s e e ,  and I have kind of a  
low-key e f f o r t  involvement i n  t h i s  t h i n g  between PI ,  PE, 
and t h e  crewntembers. Oftentimes, many of t h e  problems have 
a r i s e n  j u s t  because a l o t  of people d i d n ' t  understand t h e  
complexity of t h e  exact f a c i l i t y  u n t i l  it got t h e r e .  It 
was an evolut ion.  A l l  of a  sudden it was t h e r e  and t h e r e  
wasn't  enough t o  time t o  r e a l l y  work out  a l l  t h e  small 
problems and d e t a i l s  of  t h i s .  

. GOLDEN Tha t ' s  r i g h t .  Those a r e  some of t h e  hard-to-put-your-finger- 
on t h i n g s  t h a t  you r e a l l y  l e a r n  wi th  a sim, I th ink.  

CHASSAY I t h i n k  all f u t u r e  sims w i l l  be much improved t o  t h i s  one. 
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I t ' s  hard  t o  imagine them g e t t i n g  b e t t e r  but  I d i d n ' t  have 
t o  work so  hard  on t h e  f a c i l i t y .  I d i d n ' t  work a t  a l l  on 
t h e  f a c i l i t y .  

That wasn' t  t h e  only one, t h e r e  were a few other  inc iden t s .  
Somebody got  shocked. 

I might j u s t ,  f o r  t h e  sake of  p u t t i n g  t h i s  i n  i t s  proper 
perspect ive ,  we had a . . . 
We d i d n ' t  have a s a f e t y  o f f i c e r .  

S tory  s a i d  you r e a l l y  shouldn' t  have done t h a t .  

He wasn' t  even i n  t h e r e  when it happened. He came back 
j u s t  about 30 seconds a f t e r  it happened, looked over m y  
shoulder,  and read t h e  log.  And got  on %he phofie and got 
Bobby Mi l l e r  over t h e r e ,  and Bobby Mi l l e r  c a l l e d  h i s  boss. 

S tory  s a i d ,  now I ' l l  t e l l  you exact ly  what we're going t o  
have t o  do, and about 10 minutes l a t e r ,  uplink here it 
came. 

We were open t h e r e  . . . The cord was wet, you know, t h e  
cord was wet from K C 1  and it w a s  obvious what t h e  h e l l  
happened and we weren't  going t o  l e t  it happen again.  It 
was  our e r r o r  i n  t h e  f i r s t  p lace .  But I guess i t ' s  always 
b e s t  t o  communicate and go through those f l a p s .  But t h e  
one o t h e r  p lace  where they introduced a t h e  r a d i a t i o n  
s p i l l ,  t h e  t r i t i u m  s p i l l ,  you know, SIMSUP gave us.  I 
d idn ' t  want t o  put t h a t  i n  r i g h t  then ,  because, my God, 
t h e  whole t h i n g  and no more of t h a t  business.  And I 
knew t h e y ' d  have shut down t h e  BMS opera t ion,  which was 
a r e a l  OTR t o  gather d a t a  on t h e  cross-contamination. 
So, t h a t  ' s why I introduced t h e  s p i l l  a:: e r  we ' d already 
done it a l l ,  



SAWIN Plus it would have destroyed our whole day, which turned 
out t o  be t h e  productive day. That was t h e  only time we 
balked a t  a l l .  

MUSGRAVE I ju s t  knew put t ing  out a  rad ia t ion  s p i l l  would c rea te  a 
horrendous f l ap .  

DELUCA And it did.  

MUSGRAVE Sunday morning a t  6 : 3 0 ,  it would be l e s s  of a  f l a i l .  It 
would be l e s s  of  a f l a i l  than during a weekday. 

DELUCA He was poring through t h e  books f o r  t h e  def in i t ions  o f  
near misses. Near misses i n  t h e  emergency. Ju s t  who t o  
c a l l .  

MUSGRAVE He got a  near  miss; t h e  rad ia t ion  o r  t h e  KCl? 

DELUCA No, t h e  rad ia t ion ,  going i n t o  procedures of who t o  c a l l .  
I was unaware t h a t  was i n  the re .  I d idn ' t  know whether 
it was f o r  r e a l  o r  not .  

BENSON Yes, it was f o r  r e a l .  I gave it them Friday, but they 
d idn ' t  say,  they mignt have done it on t h e i r  own. 

DELUCA It happened. 

CRESS Somebody got mad a t  us when they found out it was a  sim 
problem. 

DELUCA The idea  being on a  t e s t  l i k e  t h a t .  Their opinion i s  
you're r e a l l y  pushing t h e  system, when you t e s t  something 
of t h a t  nature  without somebody on t h e  t e s t  team rea l iz ing  
t h a t  it was r e a l l y  t h a t  case. 

SAWIN We knew it. 

MUSGRAVE On t h e  o ther  hand, i t ' s  f o r  us t o  play t h e  gme .  Absolutely 
s t r a i g h t ,  r i g h t  down t h e  l i n e .  

DELUCA We played it up t o  making t h e  phone c a l l s ,  out of t he  place,  
t o  t h e  appropr ia te  people. 

BENSON The amount t h a t  was s p i l l e d  could be drunk by any one per- 
son without any damage at a l l .  

MUSGRAVE Yes. 



DELUCA 

A s  I j u s t  pointed  out t h a t  t h e  man who i s  t h e r e ,  t h e  same 
a s  you s a i d ,  h e ' s  got t o  make a q u a n t i t a t i v e  observation.  
Like i f  S to ry  comes out  and says ,  " ~ e y ,  Bob cut  h i s  th roa t . "  
You don ' t  s t o p  t h e  whole th ing .  You say,  how bad? ( ~ a u g h -  
t e r ) .  He's only got  a l i t t l e  t r i c k l e  here .  F i r s t ,  you 
f i n d  out  how much it i s  and how bad it i s  and you f i n d  i t ,  
and then  you go from the re .  

And we had one o the r  one, t h a t  you w i l l  hear  about, which 
was a gas chromatograph changeout, which was r a t h e r  
i n t e r e s t i n g .  

FmGUSON The hydrogen? 

DELUCA Yes, t h e  f a c t  i s  t h a t  i n  one f a c i l i t y ,  a man was on console, 
we ha,d j u s t  got  through t a l k i n g  about t h a t  we were going t o  
have t o  do t h a t ,  we s t a r t e d  our t a l k i n g  t o  you about 
tu rn ing  it o f f  and a l l  t h a t  s o r t  of t h i n g ,  and a guy j u s t  
passed through t h e  console, and he j u s t  s a i d ,  incidental . ly,  
it looks l i k e  we have t o  change out .  Zap, it was over. 
H e  was walking down with t h e  tank.  

SAWIN He had t o  t u r n  t h e  flame down o r  something? 

MUSGRAVE No, I had tu rned  it down. I cranked it back u.p again.  Well, 
I had j u s t  go t t en  it down, I hadn ' t  got t h e  flame o f f ,  but 
I had go t t en  t h e  power o f f .  

DELUCA Well, we should 've,  you know, coordinated t h e  whole th ing.  
The po in t  i s ,  it was a l l  over wi th  while we were i n  t h e  
middle of  t h e  coordination.  Because I saw him wneeling 
t h e  t ank  ou t ,  you know. That ' s t h e  o the r  one. But what 
it does po in t  out  t o  me, and I d i d  not a t t end  a l l  of t h e  
test  ops team meetings, but  it j u s t  seems t o  me l i k e  l a t e  
i n  t h e  game, before  you go i n t o  t h e  t e s t s ,  I th ink  t h e r e  
has t o  be a s a f e t y  evaluation.  And t h e  point  i s ,  it says 
these  a r e  t h e  notable  items and t e s t  team - these  a r e  t h e  
condi t ions ,  s a f e ,  unsafe, th ings  l i k e  t h a t ,  so t h e  whole 
team knows t h e  game being played, r a t h e r  than j u s t  an indi-  
v idual .  I t h i n k  t h a t ' s  p a r t  of a  prepara t ion process we 
have t o  go through. 

SAW I N  On t h e  o the r  example, i s  t h a t  t h e  TRR, which provides t h e  
a v i a t o r  owgen,  s a i d  t h a t  we've got t o  t ake  a sample on 
t h a t ,  check it. I s a i d ,  we l l ,  I th ink  i t ' s  a l l  r i g h t ;  we've 
been breathing f o r  3 weeks. I t ' s  only empirical  t h a t  - 
He had t o  h i s  t h i n g ,  I guess. They check a l l  those  cylin-  
ders  when they a r e  accepted on s i t e  anyway, so I j u s t  d idn ' t  
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see  what t h e  b i g  f l a p  was a l l  about. We go down t o  t h e  
b o t t l e  farm a l l  t h e  t ime,  grab one, t ake  it up, use it. 
We don' t  have them come over and check it, before  we s t a r t  
on it. 

DELUCA Was t h a t  be fo re  t e s t s ?  

SAWIN Yes, t h a t  w a s  a TRR, 

CRESS We went through t h e  motions of g e t t i n g  a  s a f e t y  concurrence 
and s ignoff  on t e s t  readiness .  I ' v e  even got t h e  memo i n  
t h e r e .  Sa fe ty  signed o f f  on it and s a i d  t h e r e  was no prob- 
lems. They changed t h e i r  mind. 

These a r e  a l l  th ings  t h a t  w i l l  happen a t  t h e  i n t e g r a t i o n  
f a c i l i t y .  They a r e  r e a l  th ings  t h a t  a r e  i d e n t i f i e d .  

From a  PE standpoint  though, you look a t  every item. I 
don ' t  know whether we had enough opportunity a t  t h i s  po in t .  
For example, you want t o  make su re  t h a t  t h e  b o t t l e s  you got - 
I would maybe even go down t h e r e  myself t o  know t h a t  we 
got  a  check on t h a t  before  t h e y ' r e  being used. I look a t  
t h a t  kind of d e t a i l .  You sure-  don' t  want an incident  t o  
happen t h a t  would . . . 
You want t o  make su re  t h a t  when they hook up two cyl inders  
f o r  your experiment, i n  m y  case oxygen and ni t rogen,  they 
don ' t  mix them. You know, when you s t a r t  doicg a  washout 
on ni t rogen you ' re  good f o r  about 30 seconds. Now t h a t ' d  
be a  problem. 

You'd s e e  t h e  data .  

Yes, you should. 

I look a t  each p r i n t o u t .  If I saw t h e  n i t rogen clouding 
i n s t e a d  of going t h e  o the r  way, and I got shor t  of 
b r e a t h  . . . 
You know, t o o  many t imes you have t o  redouble your work i f  
you t a k e  some th ings  f o r  granted.  Some th ings  a r e  worth 
p u t t i n g  a  l i t t l e  e x t r a  i n t o ,  t o  make sure  t h a t  i t ' s  r i g h t .  
So t h e  s a f e t y  man from t h a t  standpoint was - I thought t h e  
point  was we l l  made. I was surpr ised ,  i n  f a c t ,  t h a t  they 
would have allowed you t o  use t h a t  out t h e r e  because t h e r e ' s  
a  q u a l i t y  man i n  t h e  a rea ,  and he i s  somewhat versed cri 
s a f e t y  procedures and I ' m  . . . 
Al, we broke him during Skylab. 



CHASSAY He should have r e a l l y  f lagged t h a t ,  

SAWIN He had g r e a t  a t t i t u d e  when he l i v e d  with us.  

CHAS SAY That t e s t  would not have gone a s  quickly i f  A 1  had not 
been t h e r e .  I'm 3eing facet ious .  
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We're t a l k i n g  aboat compromise; Bob's t a l k i n g  about com- 
promise, and t h a t ' s  what i t ' s  al.1 about e A r e a l  under- 
s tanding requ i res  t h a t  t h a t  man be present  during some of 
t h e  e a r l i e r  procedures. He c a n ' t  walk i n  cold and evaluate 
it without f lagging t h i n g s  l i k e  t h i s ,  t h a t  might not have 
t o  be flagged. 

I ' m  s o r r y  I brought t h e  subject  up ( l augh te r ) .  

I t h i n k  we should make a note t h a t  a f t e r  t h e  next s i m  we 
need a s a f e t y  debr ief ing.  

Well, I guess t h e  point  i s  t h a t  a l l  t h i s  d id  go on without 
t h e  crew's  awareness a s  t o  what these  l e d  t o .  This i s  
t h e  t ime f o r  them t o  hear t h a t .  

PI/PE were t h e  s a f e t y  represen ta t ive  a t  t h e  conference? 

Occasionally, a t  t h e  TOT meetings. 

Yesterday they were. I d i d  not see  a s a f e t y  man here  
t h i s  morning, but  they were yesterday afternoon. 

That might be something t h a t  we put on t h e  P I ' S  l i s t  of 
th ings  t o  d i scuss  during t h e  f a i r l y  ea r ly  s tages ,  l i k e  
when I d i d  t h a t  p resen ta t ion  t o  t h e  team, f a i r l y  e a r l y  i n  
t h e  game about what I ' m  doing and why. I probably should 
have t i c k e d  o f f  some s a f e t y  items. Like, yes ,  we do use 
cryogenics. Yes, t h e r e  a r e  high vol tages .  And just b r i e f l y  
d iscuss  what t h e  items a re .  And then l a t e r  we can 
backroom-educate each o the r  on what our problems a r e .  

Normally they have a t  most of these  experiments se lec t ion  
boards represen ta t ives  i n  those  areas .  And r i g h t  away they 
go back and n o t i f y  t h e i r  rep  and then they contact you and 
then,  hey, we need t o  look a t  your experiments. Tha t ' s  
reasonably t y p i c a l .  

During s i m  1, we had a t r a i n i n g  problem, I th ink t h a t ' s  
p r e t t y  wel l  recognized. During s i n  2 ,  look a t  the  b e a u t i f u l  
job t h e  t r a i n i n g  house d id .  I th ink t h e  same th ing  could 
happen here,  and f o r  t h e  next s i n  Safety  ill be r i g h t  
onboard. 



MUSGRAVE That ' s  not j u s t  a  s i m  t o  s i m  th ing .  Thaz's a  guy who had 
no experience t h e  f i rs t  s i m  and Brzezinski ,  who's been 
t r a i n i n g  s ince  Mercury o r  Gemini. 

SAWIN Okay, with respect  t o  q u a l i t y ,  Al Matties worked with me a  
long t ime and we used t h e  same bas ic  kluges i n  o ther  t e s t  
f a c i l i t i e s .  For ins tance ,  t h i s  pulmonary function equip- 
ment was used t o  t e s t  t h e  ASTP crew. A 1  was our R&Q,A man 
on t h a t .  He knew it and I don' t  th ink  it would ever occur 
t o  him t o  quest ion whether t h e  breathing gases were ade- 
quate o r  no t .  Because it was t h e  same th ing  he 'd  been 
doing. It was t h e  case of a  new individual  i n  a  s i t u a t i o n  
doing h i s  job. It j u s t  happened a t  an inopportune time. 

GOLDlEN Bob, you got  any d e t a i l e d  thoughts on what we did  and how 
we ought t o  do it b e t t e r ?  

CLARK Well, j u s t  one t h i n g  t o  mention. The way t h e  experiment 
w a s  designed, f o r  t h i s  p a r t i c u l a r  s i n ~ u l a t i o n ,  was one with 
many types  of  i n t e r a c t i o n  l e v e l s ,  which you can have with 
t h e  experiment. Would you l i k e  t o  comment on mode of  
opera t  ion? 

SPEAKER We had a s  a  payload s p e c i a l i s t ,  a s  t h e  P I ' S  represen ta t ive  
f l y i n g  wi th  t h e  payload versus  a  monitoring type  t h i n g  with 
more ground command a b i l i t y .  Would anyone l i k e  t o  comment 
on t h a t ?  

GOLDE27 Unfortunately,  t h e  t h i n g  t h a t  we have t o  observe t h e  f l u  
t h a t  we had t o  observe a t  s e a  l e v e l  i s  much simpler from 
what you f i n d  i n  o r b i t  o r  even i n  a balloon f l i g h t .  There 
a r e  only two species ,  b a s i c a l l y ,  of p a r t i c l e s  t h a t  we can 
look at down here.  A t  a l t i t u d e ,  we have cosmic rays ,  which 

- - .- 

a r e  nuc le i  of atoms of  every species  all t h e  way up, prob- 
ably ,  through uranium. Our instrument only covers through 
i r o n .  So, one p a r t i c u l a r  aspect  of having a  P I  onboard 
would be f o r  him t o  look i n  g r e a t  d e t a i l  a t  t h e  l a r g e r  data  
stream t h a t  would be t r ansmi t t ed  t o  t h e  ground; c e r t a i n  
aspects  o f  t h e  da ta ,  t r y i n g  t o  cover quickly t h e  b a s i s  t o  
understand where he ought t o  spend h i s  observing time. 
Because you can s e l e c t  t h e  l i f e t i m e  of an instrument and 
dedicate  it t o  a  c e r t a i n  species  of p a r t i c l e s .  That would 
be one poss ib le  area .  The experiment i s  kind of lmusual i n  
t h a t  you can t ake  any range of given p a r t i c i p a t i o n .  It can 
be t o t a l l y  automatic, preprogramed and j u s t  do t h e  whole 
schmeer, o r  you can go a l l  t h e  way and not do a  darn t h i n g  
without somebody typing on t h e  keyboard. And I th ink  we 
were p r e t t y  c lose  t o  t h a t  end of t h e  spectrum. Bob i s  very 



highly  q u a l i f i e d  a s  a  opera tor  of t h e  experiment. SD we 
got  t o ,  on t h i s  mission, t o  explore t h a t  end of it p r e t t y  
wel l .  The only major d i f ference  we could do i s  add i n  t o  
t h a t  loop,  t h e  con t ro l  lcop,  t h e  c a p a b i l i t y  of making phy- 
s i c s  t r adeof f  type  of decis ions .  And I don ' t  know whether 
w e ' l l  ever  have a chance t o  r e a l l y  see  how t h a t  works, unless 
we f l y  it. 

MUSGRAVE Tha t ' s  t h e  sc ience ,  but  i n  terms of  t h e  systems exper t i se  
you can never ge t  anyone e l s e  up t o  t h e  same l e v e l  t h a t  
you a r e  i n  terms of t h e  systems. 

GOLDEN Well, t h a t ' s  t r u e .  You know, l i k e  f o r  e x a ~ p l e ,  wheri we 
looked a t  a  chamber sum d i s t r i b u t i o n ,  which i s  a  q u a l i t y  
parameter. I was very pleased about how wel l  it worked. 
Bob was showing me t h e  graph with t h e  Sony. And I could 
look a t  it, I could t e l l .  Bas ica l ly  it looked p r e t t y  
good. So he  d i d n ' t  have t o  make a judgment. I was s t i l l  
put  i n  a  p o s i t i o n  where I could make t h e  judgment, even 
though I was remote t o  it, and I ' m  personal ly  a  l i t t l e  
disappointed t h a t  it worked t h a t  way. I ' d  love t o  hzve t o  
be up t h e r e  t o  make t h e  judgments. 

MIJSGRAVE Yes, but  i t ' s  s t i l l  another l e v e l .  

GOLDEN That ' s  t r u e .  And t h e r e  i s  something t o  be l o s t  t h e r e .  Dur- 
i n g  a  bal loon f l i g h t ,  f o r  example, I s i t  on a  console while 
t h e  payload i s  remoted t o  me. I ' m  s t i l l  i n  a  very t i g h t ,  
high d a t a  r a t e  loop i n  both d i rec t ions  with t h e  payload. 
And t h a t ' s  i n t e r e s t i n g .  I can t r y  th ings ,  f o r  example, 
t h a t  maybe Bob wouldn ' t have known t o  t r y .  And  hat ' s  
usua l ly  what I do on a  f l i g h t .  We have two l e v e l s  of sup- 
por t  t h a t  we do during t h e  balloon f l i g h t .  One i s  very 
s i m i l a r  t o  t h e  funct ion t h a t  Bob performed during t h e  s i m .  - And t h a t ' s  more o r  l e s s ,  keep it running and make sure  
i t ' s  b a s i c a l l y  heal thy.  And t h e  p a r a l l e l  function i s  
looking d e t a i l e d  a t  t h e  sc ience  and seeing how goes it. 
Because you can change t h e  t r i g g e r  by deciding, t h i s  t h i n g ' s  
not working on i r o n  a t  a l l .  L e t ' s  k i s s  o f f  t h e  i ron  and 
go a f t e r  t h e  carbon. 

MUSGRAVE Yes. 

GOLDEN And t h a t  kind of decison you have t o  be i n  a  very - You've 
got 48 k i l o b i t s  going t h i s  way and God knows how many going 
t h a t  way o r  around up here.  It ' s  a p r e t t y  high d a t a  r a t e  of 
movement. 
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The type  of loop t h a t ' s  be ing used i s  e s s e n t i a l l y  two-loop 
opera t ion,  one a sc ience  loop and one an engineering loop. 
I n  t h e  opera t ion of a bal loon payload, t h e  operat ion i s  about 
t h e  same a s  f o r  Shu t t l e .  

Some of  t h e  cross-checking procedures which possibly could 
have been done during t h e  s i m  were j u s t  a l i t t l e  b i t  too  
complicated t o  attempt over t h e  loop. I ' d  have had t o  get  
r i g h t  i n  t h e  gu t s  of t h e  computer, you know, changing 
th ings  around a l i t t l e  b i t .  'Fle didn ' t  l o s e  snything because 
of t h a t ,  but we could have gained a l i t t l e  more t h a n  t h e  
nominal ob jec t ives  of t h e  experiment probably by doing it. 
I might say,  by t h e  way, t h i s  business with t h e  uplinking 
through t h e  GDP, was very he lp fu l .  Some of t h e  more de- 
t a i l e d  hand patches,  I m o t e  them ou t ,  and they got t r ans -  
mi t t ed  up. When I got  a copy of what I got t ransmit ted  up, 
and b l e s s  t h e i r  h e a r t s ,  they corrected a few of my t y p ~ s ,  
and t h e y  l e t  a few of my o the rs  go through. But they d i d n ' t  
make any of t h e i r  own. So I ' l l  vote  f o r  t h a t  form of 
information t r a n s f e r .  

Maybe t h e  t e s t  ops team has some more quest ions.  

I thought it was i n t e r e s t i n g .  It was one of t h e  few ex- 
periments where we r e a l l y  had a deac t iva t ion ,  kind of a 
r e a l  deac t iva t ion .  I thought t h a t  added a l i t t l e  b i t  t o  
t h e  t e s t .  

I wish we'd have m i t t e n  t h e  procedures a l i t t l e  more 
r igorous ly  f o r  t h a t ,  but  t h a t ' s  something you l e a r n  from 
t h e  s i m .  It got  deact ivated  okay. We got t h e  s t r a i g h t  
d a t a  back okay. I ' d  be very anxious f o r  t h e  opportunity 
t o  play PS2's p a r t  i n  another sim sometime. I would l i k e  
t o  see  it from both  ends. I th ink  I could b e t t e r  contras t  
t h e  c a p a b i l i t i e s  of both pos i t ions .  

You g e t  t o  see  a l o t  more, too .  

Yes ( l a u g h t e r ) .  

The waste managements system. 

Row a r e  you as a p l m b e r ?  ( ~ a u g h t e r )  That ' s  a prime 
q u a l i f i c a t i o n .  

Bob's a good plumber. 

This i s n ' t  t h e  White House type.  
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This i s  t h e  out-behind-house type.  

I ' l l  dec l ine  t o  nake a statement.  I f e e l  happy. Are you 
guys happy? Have you got anything e l s e ?  

We had a l i t t l e  t roub le  t e l l i n g  when Bob was awake o r  
a s leep  during t h e  daytime. 

So d i d  we ( l a u g h t e r ) .  

I know. But it gave us one l i t t l e  moment, maybe we dis-  
cussed e a r l i e r  . . . t h e  a c t i v i t y  ind ica to r .  

T h a t ' s  something we r e a l l y  ought t o  do. The ground team 
ought t o  be ab le  t o  t e l l ,  e spec ia l ly  on X-21 where you don ' t  
always have video coverage, what t h e  f l i g h t  team's doing. 

Yes, a l o t  of  times I would pop up t h e r e  and do something 
on t h e  keyboard. And t h a t  would lock t h e  display t h a t  they 
saw on t h e  ground and they wouldn't know I was doing it. 

This happened about t h r e e  t imes too i s  t h a t  we'd be watch- 
ing  t h e  d i sp lay  and it would lock up. We'd jus t  say, ha ,  
he1  s back u p s t a i r s .  

He'd go back the re .  You'd c a l l  and say, " Is  he awake?" 
We're not going t o  y e l l  i n  t h e r e  "Are you awake!" One of us 
i s  s t rapped t o  t h e  t a b l e  and t h e  o ther  guy i s  running some- 
t h i n g  and i t ' s  f i n e  t o  say i t ' s  qu ie t  and dark i n  t h e r e ,  but  
h e ' s  u p s t a i r s  doing something. And h i s  s l eep  schedule 
v a r i e d  about 5 o r  6 hours when he 'd  go t o  bed or  get  up o r  
h e ' d  s l e e p  twice.  I 

Maybe you need a downlink command t h a t  says he ' s  up and 
working t h e  system; you know, an ind ica to r .  

I t h i n k  t h a t ' s  a r e a l  th ing .  I t ' s  r e a l l y  going t o  happen. 
I don ' t  t h i n k  you ought t o  f l igh t -p lan  a s t r a i g h t  r e s t  
per iod when you got a l o t  of i n t e r e s t i n g  da ta  coming i n ,  
and t h e r e ' s  a l o t  of work t o  do on t h a t  payload, then you 
work it even though your f l i g h t  plan i s  s leep.  When you 
get  done and you got it s t a b i l i z e d ,  then you jump i n  t h e  
sack. 

What would you th ink  o f ,  f o r  example, a s  pa r t  of our down- 
stream da ta ,  t o  put t h e  l a s t  command executed on t h e  
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payload, you know, and have t h a t  on t h e  d isplay  t h a t ' s  on 
t h e  ground? So we can see it. I f  t h e  guy's ac t ing  - 
You d o n ' t  have t h a t ?  You don ' t  have t h e  commands t h a t  we 
see  on t h e  CRT? 

You have t h e  engineering d a t a  the re .  But you can ' t  t e l l  
what h e ' s  typ ing  i n  on t h e  keyboard. 

You c a n ' t  s e e  t h a t ?  

A l l  we can s e e  i s  t h e  engineering da ta  f reeze .  And t h a t  
t e l l s  us t h a t  h e ' s  typing and we saw t h a t  about t h r e e  o r  
four  t imes when he was supposed t o  be as leep.  So we sa id ,  
ah hah! h e ' s  u p s t a i r s .  And then one time it happened . . . 
E i t h e r  t h a t  o r  Story  o r  Chuck i s  screwing with it. 

We could see  you guys on t h e  TV - So t h e  c u r t a i n  was up. 
But one t ime it happened and about 10 minutes went by and 
no engineering update. So we asked. Car ter  was t a l k i n g  
t o  you and we s a i d ,  "hey, i s  he awake?" And he s a i d  "no, 
he ' s  i n  t h e  sack. " So our d isplay  was frozen f o r  about 
10 minutes . 
It had inadver ten t ly  assumed au thor i ty  Lo type a  "u" a l l  by 
i t s e l f .  Which f roze  t h e  d isplay .  The "u" was waiting f o r  
t h e  r e s t  of t h e  command. 

Yes, we were not up t h e r e  when t h a t  happened. 

. . . and o f f  we go again. So it seems t o  me t h a t  t h e  
downlink ought t o  . . . t h e  l a s t  command typed,  always. 
And then ,  i f  someone's typing i n ,  it w i l l  give you t h e  
a d d i t i o n a l  b e n e f i t  of being ab le  t o  follow t h e  guy through, 
a s  we l l  as  j u s t  knowing whether t h e r e ' s  a c t i v i t y  the re .  

O r  another way would be t o  note t h e  time i n  one of t h e  
engineering d i sp lays  t h a t  t h e  l a s t  th ing  was done t o  t h e  
keyboard. 

We always gave X-21 - t h a t ' s  mission t r a i n i n g  we d idn ' t  
ge t  i n t o  u n t i l  we went t o  run - but  we a l l  gave them a  c a l l  
when we got up t h e r e .  Are you ready t o  go? 

I th ink  one of t h e  th ings  t h a t  caught us o f r  guard was t h e  
f a c t  t h a t  during t h e  simulat ion,  2 days w e  stuck p r e t t y  
much by t h e  f l i g h t  plan i n  terms of time To go t o  bed. 



Every time you got  ready t o  go t o  bed you ca l l ed  down and 
s a i d ,  " I ' m  f i x i n g  t o  go t o  bed; i s  t h e r e  anything you want 
me t o  do before I go t o  bed? You d i d  t h a t  on day 1. And 
then a l l  of a sudden on day 2,  you j u s t  went t o  bed about 
2 o r  3 hours e a r l y  and we thought you were s t i l l  up. You 
d i d n ' t  t e l l  us and we a l l  thought you were s t i l l  up. 

CLARK Yes, t h a t  was an e r r o r  on my p a r t .  

- CRESS Changed your s l e e p  cycle;  I t h i n k  you d id  it t h e  next day; 
I th ink  t h a t  n ight  we asked you t o  l e t  us know. 
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You had coffee  i n  one hand and Quaalude i n  t h e  o the r .  

We d i d n ' t  know which way he was going t o  go, up o r  down. 

There was some confusion on t h a t  one day about two Quaaludes. 
I ' v e  never taken a s leeping p i l l  before i n  my l i f e  except 
i n  t h i s  t h i n g .  Quaalude d id  t h e  t r i c k  t o  get  me down but 
it wouldn't  keep me down. I '  d ge t  b hoilrs of s l eep  and 
then I ' d  be up wide awake. So t h a t  one day you mentioned 
t h a t  I took two Quaaludes, those  were taken severa l  hours 
apart. One t o  get  me down t h e  second time. 

The problem was, t h a t  wasn't  i n  t h e  l i s t .  

Yes. 

That came on a t  t h e  very l a s t  minute. 

I asked Chuck t o  put  those  on, because - 

The surgeon's  l i s t  does not show those.  

That was t h e  only t h i n g  t h a t  wasn't  on t h e r e  because, what 
had happened was they  got put i n  t h e r e  a t  t h e  l a s t  minute. 
Chuck wasn't  sure  t h a t  he was going t o  get  them i n ,  so we 
d i d n ' t  add them t o  t h e  l i s t  and a l l  of a sudden they got 
i n  t h e r e .  I was responsible  f o r  pu t t ing  t h e  l i s t  i n .  

There 's  absolute ly  no hangover from Quaalude. When you've 
got t o  ge t  up and do something, you get up and you're a l e r t .  
Amazing. On t h e  o the r  s leeping p i l l s ,  you're l e f t  with a 
hangover. That one you ' re  r e a l l y  a l e r t  when you get  up 
when you got  t o  do something. I th ink  opera t ional ly  i t ' s  
a b e t t e r  s leeping p i l l  than those  o the rs .  But l i k e  we were 
d iscuss ing yes terday,  we would have got ten  more out  of t h i s  
t h i n g  i f  he had been on same s h i f t  with us. 



GOLDEN You r e a l l y  th ink  so? 

MUSGRAVE ~ ' m  convinced. 

GOLDEN Even wi th  a l l  t h e  c h a t t e r  t h a t  we d id  of course,  you d i d n ' t  
hea r  t h e  11 o'c lock l a t e  show. Oh yes,  you d id ,  you were, 
I don ' t  know about Chuck t h e r e ,  but you were up. 
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But we were th ink ing ,  yesterday we were d iscuss ing t h a t  
we would have got ten  more out  of it by every t h i r d  n ight  
having one person - t h e  SAA's were always during our day 
t ime - and during t h e  monitoring funct ion,  every t h i r d  night  
you'd have a  d i f f e r e n t  person wake up every 3 ilours, e-;cry 
2 hours o r  whatever, and go up and do t h e  monitcring func- 
t i o n .  Bob, t h e r e  i s  no ques t ion,  would have been -a more 
e f f i c i e n t  individual .  He not only had a  c i rcad ian  s h i f t ,  
but he had t o  put up with a l l  t h e  noisy c l a t t e r  i n  t h e  
midday, which i s  r e a l  world. We're going t o  have t h a t  
problem. 

Yes, I ' m  r e a l  concerned about t h a t .  

Yes, a  weak po in t .  This came out i n  Gemini, but  we're gcing 
t o  have t o  re invent  t h e  wheel here and t e l l  people i t ' s  a  
r e a l  problem, because S h u t t l e  everyone th inks  i s  a 24-hour 
machine. 

Yes, t h a t ' s  going t o  have a  b i g  impact. P a r t i c u l a r l y  on 
t h e  people l i k e  t h e  astronomers, where t h e i r  days and 
n igh t s  come i n  45-minute i n t e r v a l s .  And i f  they have t o  
s l e e p  8 hours out  of  t h a t ,  they a r e  going t o  lose  one-third 
of t h e i r  observing. 
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They a r e  going t o  have t o  do it, but  you ' re  not going t o  
have a  guy who w i l l  perform a s  wel l .  

Well, you ' re  saying maybe i t ' s  b e t t e r  t o  j u s t  go ahead and 
l o s e  t h e  30 percent .  

It may be  b e t t e r .  Although, you know t h e  program o f f i c e  
i s n ' t  going t o  t h i n k  t h a t  way. They're going t o  have t o  
run it a  few t imes.  

GOLDrn 

CRESS 

Yes, what 's  going t o  happen i s  going t o  f a l l  i n t o  t h a t  mode 
by de fau l t .  

We've got a  resources problem t h a t ' s  going t o  b i t e  
you on t h a t .  
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s leeping places? And th ings  l i k e  t h a t ?  

. . . Power, f o r  example shoving t h e  power, i f  you put it 
a l l  on one s h i f t ,  t h e r e ' s  a b ig  power drain  a t  one time 
and then on night s h i f t  you ' re  shut down. 

Do you th ink  longer conditioning would be helpful?  

I don't th ink  t h a t  you can do it. The prelaunch phase, 
crew a c t i v i t y  i s  r e a l l y  busy. There's t r a in ing ,  t h e r e ' s  ' 

2 2 in tegra t ion ,  C F and a l l  t h a t  kind of s t u f f ,  i t ' s  a l l  
daytime. You c a n ' t  t u rn  t h e  whole worl-d around. 

What about pu t t ing  a sleeping mask and a b ig  p a i r  of ea r  
muffs on t h e  guy? 

We had earplugs and we had masks. And we're working on 
designing t h e  s leep  s t a t i o n  so a guy r e a l l y  can cocoon. 
We'll  work a l l  those  th ings .  But it was a good exercise ,  
even though he r e a l l y  suffered.  

We were using those  on t h i s  mission, f o r  t h i s  sim. 

Yes, we t r i e d  out t h e  earplugs and they helped. 

Well, l i s t e n ,  I want t o  thank you a l l  very much. The 
crew d id  an outstanding job and i n  t h e  f a c i l i t y  t e s t  team. 
It was a great  experience f o r  us, I think it r e a l l y  
helped our experiment a tremendous amount. 

I ' d  l i k e  t o  ask a question before you guys leave,  i f  you 
don' t  mind. We're ge t t i ng  ready t o  discuss core equip- 
ment f o r  l i f e  sciences p r e t t y  soon. I ' d  be i n t e r e s t ed  
i n  knowing what l i n e s  o r  what thoughts S&AD people have 
had i n  t h e  astronomy, e t  ce te ra ,  type world f o r  developing 
a core equipment type th ing.  Do you now have an ac t ive  
program; f o r  example, l i f e  sciences jus t  here at JSC, 
bas most recen t ly  been issued a respons ib i l i ty  t o  go out 
and develop t h i s  th ing .  Already, t h e r e ' s  two contracts  
t h a t  have i d e n t i f i e d  something l i k e ,  I th ink  400 l i n e  items, 
t o  be l i f e  sciences core. Which i s  a b ig  e f f o r t  t o  come 
f o r t h  t h i s  way. I j u s t  wonder i f  may be S&AD has a 
s imi la r  type th ing ,  maybe not a t  t h i s  center ,  but a t  other 
centers  t h a t ' s  going on. Well, i n  these  t e s t s ,  i f  we run 
across d i s c ip l i ne  t e s t s ,  i t ' s  kind of i n t e r e s t i ng  t o  know 
whether o r  not t he r e  might be anything t h a t  you guys may 
have t h a t  we may have. I f  we have a s imi la r  t e s t  t o  t h i s  
one again.  
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Tha t ' s  a very  good point .  In  high-energy as t rophysics ,  
t h e  l e a d  c e n t e r  has taken t h e  job of developing t h e  
support equipment. There i s  no r e a l  hard core ex-perinent- 
hard experiment cores - t h a t  can be i d e n t i f i e d .  It more 
f a l l s  i n  t h e  c l a s s  of e q e r i m e n t  support equipment, l i k e  
d a t a  processing u n i t s  and th ings  l i k e  t h a t .  I t ' s  more on 
t h e  subsystem l e v e l .  

Of course,  t h i s  i s  too ,  i n  a way. Like mass spectrometer, 
anything from re f r ige ra to r - f reeze r ,  microscope. I t ' s  very 

- s m a l l  i tems,  b u t  y e t  t h e r e  may be something between t h e  
cross  d i s c i p l i n e s  t h a t  can be shared a s  a core item. Say, 
on a dedicated  cross-disc ip l ine  b a s i s .  

I t ' s  q u i t e  poss ib le  t h a t  t h e r e  i s  a s i t u a t i o n  i n  high-energy 
as t rophysics  i t s e l f  i s  t h a t  t h e  r e s p o n s i b i l i t y  f o r  providing 
core equipment r e s t s  with Goddard Space F l i g h t  Center. And 
t h e y ' r e  f a i r l y  f a r  behind i n  t h e  game. It hasn ' t  been wel l  
funded and i t ' s  j u s t  not going very f a s t .  Primari ly f o r  
l ack  of  funds. Tha t ' s  a problem t h a t  e x i s t s  f a i r l y  widely 
i n  physics and astronomy, not j u s t  high-energy as t rcphysics .  
The s h u t t l e  development money a l l o c a t e d  t o  bas ic  research 
i n  t h e  physics and astronomy a reas ,  i s  very,  very small. 
And so  you don ' t  f i n d  very mature program a s  f a r  as  core 
equipment and a l l  t h a t  s o r t  a f  s t u f f .  

I thought t h a t  I ' d  ask because c e r t a i n l y  i f  we do these  
types of  t e s t s  again - 

Did you u t i l i z e  your CAMAC d isplays ,  CRT, keyboard, and 
so f o r t h ?  

Absolutely. My own personal  view i s  a l o t  d i f f e r e n t  from 
t h e  genera l  s i t u a t i o n .  The th ings  - t h e  techniques and 
what-not t h a t  we developed, a l o t  of them, I th ink ,  have 
a f l e x i b i l i t y  i n  an i n t e r d i s c i p l i n a r y  sense. I would love 
t o  see  them used t h a t  way and I ' d  love  t o  he lp  ge t  them 
implemented. 

A t  one time, when we s t a r t e d  t h i s  t e s t ,  a l o t  of t h e  P I ' S  
had t h e i r  equipment i n  t h e i r  l a b s .  They had it stacked 
and they were somewhat r e l u c t a n t  t o  t ake  it a p a r t ,  
disassemble i t ,  and sh ip  it over here  and then reconfigure 
it using some of t h e  th ings  t h a t  we had i d e n t i f i e d  a s  
core.  And I know t h e r e  was a b i g  re luctance ,  but a l l  of 
a sudden it j u s t  s t a r t e d  happening. I don ' t  know who waved 
t h e  wand o r  who waved t h e  hammer, but it happened. And I 
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t h i n k  a s  f a r  a s  some o f  t h e  items t h a t  we've been discussing 
during some of  t h e  experiments and o the r  d iscuss ior~s  here  
i n  t h e  room, it seems l i k e  core i s  a  v iab le  mode of doing 
th ings .  There a r e  a  l o t  of  probiems associa ted  with it, 
but i t ' s  a  v i a b l e  means. 

I agree with you 100 percent .  The types of th ings  t h a t  
people i n  physics and astronomy th ink  aboxt a s  core i s  
say a  point ing system. The te lescope i t s e l f .  

O f  course,  i n  t h e  l i f e  sc iences  d i s c i p l i n e  t h e r e ' s  a 
similar type  th inking.  

A s  you were po in t ing  ou t ,  even a  common - v e r y  simple 
th ings  l i k e  keyboards, d isplays ,  and processors.  That ' s  
core equipment everybody can obviously use and benef i t  from 
shar ing.  I n  t h e  astronomy area  i n  p a r t i c u l a r ,  t h e r e  i s  
a  l o t  be t ter -def ined thought about what i s  core equipment. 
It cen te r s  r e a l l y  about t h e  observat ional  end of t h e  
bus iness .  And they haven' t  y e t  thought I n  d e t a i l  enough 
t o  know what kind of con t ro l s  o r  d isplays  t h e y ' r e  going 
t o  need. They're busy a t  t h e  o the r  end worrying about t o  
p o i n t ,  what s i z e  aper tu res  and f / s t o p s  and s t u f f  l i k e  t h a t .  
So, i n  a  sense ,  sone of t h e  l i f e  sciences e f f o r t s  i n  core 
equipment may very we l l  r e s u l t  i n  spinoff  f o r  t h e  o t h e r  
d i s c i p l i n e s ,  r a t h e r  than t h e  o ther  way around. 

LAJ?FERTY Chuck, d i d n ' t  you note t h a t  t h e r e  were four  PDP-8's on t h e  
b i r d ?  

SAWIN J u s t  happened t h a t  we a l l  chose t h e  same very v e r s a t i l e  
instrument. 

GOLDEN That b r ings  t o  mind another thought wi th  regard t o  t h e  
- instrumentat ion.  I not iced t h a t  a l o t  of t h e  computers 

were i d l e  a l o t  of t h e  t ime; i n  f a c t ,  one computer could 
have done many experiments had t h e  i n t e r f a c i n g  been 
properly s e t  up. 

SAWIN 

GOLDEN 

SAWIN 

That was why we s e t  ours up a s  we did ,  t r y i n g  t o  a n t i c i p a t e .  
We had four  experiments t i e d  t o  one computer. 

You did! 

7 ,  8 ,  9 ,  and 16. That was r e a l l y  t h e  whole purpose of  our 
being i n  t h i s  t e s t ,  t o  show t h e  i n t e g r a t i o n  capab i l i ty  of a 
good d i g i t a l  system, t h e  f l e x i b i l i t y  of it. That was 



r e a l l y  what t h e  message was. That ' s  f a l l e n  as ide ,  you 
know. 

GOLDFN Tha t ' s  a shame, because I d idn ' t  ca tch  t h a t .  That 's very - 
SPEAKER Car te r  would know t h i s  because when we went t o  se lec t ing  

experiments, t h a t  was our whole p i t c h  w a s  t o  say: In t h e  
p a s t ,  we've done t h i s  and t h i s  and t h i s  a s  independent 
e f f o r t  bu t  now, l e t ' s  pipe them a l l  through t h i s  th ing.  
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I t ' s  p a r t  of  shop-type th ing .  A l l  those  experiments come 
from t h e  same shop. 

Yes. And what we need t o  do i s  maybe go one more s t ep .  

On t h e  o t h e r  hand, t h e  dash 11, they a r e  both  i n  t h e  same 
shop, and t h e r e ' s  two PDP-8's. 

There was i n t e g r a t i o n  t h e r e .  

But on t h e  o t h e r  hand, t h e  Oak Ridge does a l l  t h e  pro- 
graming f o r  t h e  one. And a d i f f e r e n t  company does a l l  t h e  
programing f o r  t h e  o the r .  But, again,  t h a t ' s  kind of an 
organizat ion-type th ing .  

And another  t h i n g ,  we're always t r y i n g  t o  f i n d  ways of  
buyirig computers and i f  you can get  them del ivered on a 
contrac t  t h a t ' s  - 
Amen! Brother! 

You have t o  f i g u r e  a l l  those  parameters i n .  

Several  th ings  occur l i s t e n i n g  t o  t h e  conversation here 
about a computer of t h a t  type ,  common. The experiments 
computer i n  Spacelab i s  supposed t o  be v e r s a t i l e  and he lp  
t o  do a whole l o t  of th ings ,  but  you get  i n t o  t h e  
i n t e g r a t i o n  t e s t i n g  and e a r l y  requirements, you get  i n t o  
t h a t  game. Tha t ' s  one t h i n g  f o r  i n t e g r a t i o n  of programs. 
Another t h i n g  i s  (and I don' t  know t h e  s t a t u s  of t h e s e )  
but t h e  po in t  I ' m  t r y i n g  t o  make i s  a normal keyboard 
opera t ion versus t h e  Orbi ter  type  keyboard. That ' s  a b i g  
t h i n g  t h a t ' s  been going on and on, and here  we're t a l k i n g  
about s tandard  th ings ,  s tandard keyboards, f o r  some reason 
I f e e l  t h ~ t  we c a n ' t  ge t  t h a t  t h i n g  on y e t .  That ' s  
another t h i n g .  Hardcopy, you had them i n  t h e r e .  And hard- 
copy i s  hard  t o  come by i n  t h e  Shu t t l e  y e t .  
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Those a r e  good points .  

I t ' s  awful n ice .  Talk about saving time. Having a 
permanent record.  And being sure  t h a t  even i f  yo-.x d isk  
blows you don ' t  l o s e  your date .  And i t ' s  r e a l l y  n ice .  

I t ' s  n i c e  f o r  comparing. I t ' s  n ice  f o r  looking back i n  
t h e  b a s e l i n e  da ta  o r  how you ' re  going from day 1, 2, 3, 
4. 

We t r i e d  d i sk  r e c a l l  techniques where you don ' t  save t h e  
hardcopy, you save t h e  softcopy and c a l l  i t  back. And 
t h a t  doesn ' t  work near ly  a s  well  as  hardcopy, because you 
c a n ' t  hold  it up t o  t h e  l i g h t  and compare it with yours. 

But t h e r e  a r e  a l o t  of  t r a d e o f f s  u n t i l  they f i n d  t h e  
s u i t a b l e  hardcopy. You know, 9 amps of constant draw, 
t h a t ' s  r e a l  heavy. Plus t h e  s i z e  of it. 

One of  t h e  aspects  of  multiple-use computer, which has been 
a r e a l  reason why i t ' s  hard  t o  have them, because ac fua l ly  - 
That 's  t h e  software compat ib i l i ty .  You know, i f  you have 
a c e n t r a l  processing f a c i l i t y  onboard o r  on t h e  ground 
( e i t h e r  one) and i t ' s  a f l i g h t  system, then you have t o  
worry abcut qua l i fy ing  t h e  software so t h a t  experimenter 
A ' s  sof'tware doesn' t  t r i p  over experimenter B's experiment. 
And t h e r e  i s  some r e a l  hope f o r  t h a t .  Even t h e  small 
computers nowadays a r e  becoming a v a i l a b l e  with core 
p a r t i t i o n i n g ,  where t h e r e  i s  a v i r t u a l  imposs ib l i l i ty  of 
t h i s  guy g e t t i n g  out  of h i s  sect ioned a rea  of core and 
smashing t h e  guy's  program next t o  him. And we've had 
experience with t h a t  type of processor now f o r  about 9 
months i n  t h e  labora tory .  We're g e t t i n g  ready t o  f l y  it 
i n  a bal loon.  I a m  extremely happy with it. I f  t h a t  
type o f  software management can be implemented i n  t h e  
Orb i t e r ,  then t h e  f i n a n c i a l  burden and t h e  temporal burden, 
t h e  t ime l ine  burden of qual i fy ing people 's  software 
mutually w i l l  be el iminated.  

The next s t e p  we see  i n  our own hardware - I mean i f  I 
could walk out  of here  now and do what I want t o  do f o r  
t h e  next time - would be t o  go t o  t h e  microprocessor 
dedicated t o  my experiment. Make t h a t  t a l k  t o  an "8" 
[PDP-81 o r  an equivalent  f o r  downlink. So a l l  we get  out 
our p a r t i c u l a r  experiment, ins tead  of g e t t i n g  a hardcopy 
o f f  of  Tektronix we've found a very small d i g i t a l  p r i n t e r  
t h a t  w i l l  p r i n t  t h e  parameters s e r i a l l y .  - So t h a t  would 
be r e a l l y  a l l  you had a t  t h e  conclusion of t h e  t e s t .  



Everything e l s e  would be shipped t o  an "8" o r  an "11" o r  
whatever it may t u r n  out  t o  be ,  it doesn' t  mat ter ,  a,nd 
then downlinked from t h e r e .  But t h e  individual  experiments 
would be stand-alone with minimum readout capab i l i ty ,  and 
t h e  r e s t  being dumped t o  t h e  onboard system. That ' s  t h e  
way we're th inking.  Obviously, it var ies  with t h e  
i n d i v i d u a l ' s  requirements. 

GOLDEN Yes. Very much wi th  t h e  experiments, d e t a i l s  and data  
r a t e s ,  s t r u c t u r e .  

GOLDEN Did you cover them a l l ,  Car ter?  

ALEXANDER We even added one, we're going t o  t a l k  about our 
core equipment. 
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MUSGRAVE Let me j u s t  sock a  few th ings .  You got  - o r  you probably 
don ' t  have i n  t h e  recommendations. I got  a  bunch of  s t u f f  
i n  it on core. Some t h i n g s  a r e  obvious, but  w e ' l l  j u s t  
g e t  them down f o r  t h e  tape .  And t h a t ' s  t h e  mul t ip le  - 
t u r r e t  microscope, photography, TV, and ZCE. An o s c i l l o -  
scope f o r  - a  mul t ip le  osc i l loscope t h a t  you can move 
around and t h a t  you got  a s  a  redundant osc i i loscope.  Ke 
used t h e  v e s t i b u l a r  one f o r  t h e  output  b u t ,  you know, i f  
you l o s e  an osc i l loscope a t  some experiment, one you can 
b r i n g  over t h e r e  and plug i n  t h e  input  so t h a t  you can 
see  t h e  th ing .  And i t ' s  a  backup. I th ink photographic 
c a p a b i l i t y  on an osc i l loscope i s  r e a l l y  neat .  I t ' s  a  r e a l  
backup, i f  you l o s e  te lemetry .  You may want it anyway o r  
you may want it f o r  documenting some diagnost ic  problems 
you have. A d iagnos t i c  osc i l loscope as  we l l  a s  a  d a t a  
osc i l loscope  would be good. It w i l l  supplement t h e  o l d  
multimeter where you only ge t  t h e  one sho t ,  you can look 
a t  t h e  t r a c e .  Bu-t a  core osc i l loscope with photographic 
c a p a b i l i t y ,  t h a t  can back up so maay da ta  systems, a  whole 
bunch of da ta  systems where you t ake  motion p i c t u r e  of t h a t  
s to rage  scope o r  something. Color TV would be b e s t  . . . 
i t ' s  e s s e n t i a l .  TV i t s e l f ,  of course - - 

CHASSAY May I s t o p  you j u s t  a  minute? We had some discussion 
t h e r e  a s  t o  whether o r  not - I t h i n k  Carter  brought it 
up - whether he needed t o  have rcaybe color  TV piped down. 
D o  you f e e l  l i k e  t h e r e  should absolute ly  be color  TV 
onboard? 

MUSGRAVE Yes. Now t h e  p r o t e i n s  was t h e  only s c i e n t i f i c  da ta  t h a t  
w a s  coming down. But you look a t  t h e  f i r s t  sim; t h e r e  
were a  whole bunch of th ings .  There were t i s s u e  cu l tu res  
and t h e  amoebas and t h e  eggs and t h e  blood s t a i n s  were 
coming down, and we were doing d i f f e r e n t i a l  counts on 
blood s t a i n s ,  and we could have sen t  down the  r e t i c u l o c y t e  
counts i n  t h e  r e a l  t ime t h i s  time. There 's  a l l  kinds of 
t h i n g s  you can idenc i fy ,  t h a t  color  TV i s  so - t he  black 
and white i s  impossible through t h e  microscope. And a l s o  
i n  t e r n s  o f  t h e  dogs, i n  terms of looking a t  the  wounds, 
and i n  terms of looking a t  s u b j e c t ' s  co lo r ,  p a l l o r ,  and 



i n  terms of v e s t i b u l a r  experiment, looking a t  the  heads . . . 
There 's  a v a r i e t y  of reasons f o r  having color TV. Animsl 
ECS w a s  i d e n t i f i e d  l a s t  t ime,  t h a t  we've got  t o  come up 
wi th  an animal-holding f a c i l i t y  onboard, whether i t ' s  dogs, 
r a t s ,  monkeys, whatever e l s e ;  we need a common system. 
There 's  no reason f o r  every PI t o  come up with t h a t .  Wet 
t r a s h ,  I don ' t  know how much t h e  Orb i t e r  i s  gcing t o  support 
us .  We got  t o  look  it how much wet t r a s h  i s  generated by 
genera l  Orb i t e r  ops. F i r s t ,  t h i s  i s  a l i f e  sciences mission 
where you've got  a l o t  of animals and other  types of v e t  
t r a s h .  I t ' s  poss ib le  Spacelab i s  going t o  have t o  come up 
wi th  more then t h e  bag system they got .  I n  other words, 
you mzy need t o  t ake  a h a l f  of a ha l f  of a rack a,nd have a 
wet t r a s h  system i f  Orbi ter  c a n ' t  support a lift? sciences 
mission. Zero-g f l u i d  mechanics, l i k e  f o r  dash 11. I n  
o the r  words, we're drawing blood and we got it i n  t e s t  
tubes  o r  t h e  APEAS . . . and those  th ings .  And we're t ak ing  
t h e  t e s t  tube and we're g e t t i n g  a syringe and a needle 
i n t o  them and pu l l ing  it out .  Maybe t h a t  w i l l  work i n  
zero-g, I don' t  know. But anyway f l u i d  mechanics and 
f luid-handling techniques,  almost every b io log ica l  ex- 
periment you're handling f l u i d s .  You're handling some 
kind of l i q u i d .  Now r a t h e r  than having each, s ing le  PI 
have t o  come up with h i s  own exper t i se  and h i s  own 
machines o r  whatever f o r  handling t h i s ,  I th ink t h a t ' s  
something NASA ought t o  provide. The workbench f o r  l i f e  
sc iences ,  we got  t o  t ake  a hard look a t  t h e  workbench. 
They a r e  coming out i n  the  core segment of Spacelab and 
make some inputs  t o  t h a t  th ing.  But we might have t o  
come up with some mods. workbench i s  an absolute  
necess i ty ,  even more so  t h i s  t ime then l a s t  time. Last 
t i m e  we had a bunch of shelves and you could go t o  one 
b i g  experiment and p u l l  a l l  these  f l a t  shel-ves out and 
g ive  you some work space, but  t h e  workbench was so  c r i t -  
i c a l  t h i s  time, t h e  dash 11, t h e  dash 6 .  Grab a l l  t h e  
bags and go over t h e r e  and you need a r e a l l y ,  r e a l l y  
f l e x i b l e  capable workbench where you got  t e s t  tube holders ,  
you've got  Velcro a l l  over the  p lace ,  a l l  kinds of t h e  
r i g h t  r e s t r a i n t s  so you can s e t  t h a t  up a s  your own 
personal  l i t t l e  l a b ,  you know, f o r  each experiment. When 
you ' re  done, you move it all back i n t o  t h e  experiment 
rack.  Centrifuge i s  obvious. A f r e e z e r ,  we know we've 
got  t o  have a f reeze r  f o r  r e f r i g e r a t o r s  and 3 7 O  incubators,  
b u t  t h e  f r e e z e r  t h i s  time d i d n ' t  have - f o r  t h i s  mission 
d i d  not have enough space. I took a photo a t  t h e  end t o  
show how packed it was. And cu l tu res  i s  another th ing.  
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You might want - even though you don ' t  plan t o  t ake  any 
microbiological  cu l tu res .  I can1-t imagine having a bunch 
of animals and everything e l s e  i n  t h e r e  without having 
occas ional ly  some time t o  grow a cu l tu re .  It might be a 
p a r t  of t h e  IMSS. 

You're t a l k i n g  about an incubator-type th ing  with a recovery 
system t o  b r ing  it back? 

Yes, t h a t  type of th ing.  A p lan t  chamber, t h a t ' s  t h e  same 
a s  t h e  animal ECS. I th ink  we're going t o  have enough. 
We ought t o  be ab le  t o  support p lan t s  an& t h a t  s o r t  of 
t h i n g  too.  Radioisotopes, we've already i d e n t i f i e d  as  f a r  
a s  t h e  experiments but  we ought t o  go through whatever you 
got  t o  go through s o  you a r e  f u l l y  q u a l i f i e d ,  l i censed  
rad io i so top ic  handler and any time a P I  or  experiment comes 
on t h a t  needs radiostopes we can say yes ,  we've been 
through t h a t  and we can handle it. Rather then each 
ind iv idua l  person t h a t  uses them have t o  go through t h a t .  

Yes. May I ask you a quest ion with regards t o  t h a t ?  Do 
you f e e l  l i k e  - I made some notes from X-15 here  where we 
would poss ib ly  need e i t h e r  . . . Monitoring on board o r  the  
stowage cleanup and disposal  f a c i l i t y  b u i l t  onboard i f  we 
c a r r i e d  t h a t  type of th ing.  Do you f e e l  l i k e  it ought t o  
be t h a t  complete? 

To me, t h a t ' s  about everything you'd need i f  you had a 
problem. You d e f i n i t e l y  need a s torage  system of some 
s o r t  maybe, depending on the  - - 
Yes, bu t  it would seem t o  me t o  be a segment t h a t  would 
need t o  be flown i f  you had any mobile radioisotopes  on- 
board a s  opposed t o  s i n g l e  sources. 

Okay. 

But you a l s o  end up as some th ing  of a r a d i a t i o n  source, 
i t s e l f .  

Tha t ' s  r i g h t .  But i f  you ' re  going t o  carry  anything l i k e  
t h a t ,  you got  t o  have t h e  equipment ava i l ab le  i n  case you 
do have problems with it, t o  be ab le  t o  monitor it, t o  be 
ab le  t o  c lean it up, t o  take  swipes, t o  count those  swipes, 
t o  do all t h a t .  



CHASSAY Some of t h e  th ings  t h a t  I have indicated  here ,  we d i d  
have t h i s  s p i l l ,  we had no c a p a b i l i t y  t o  r e a l l y  . . . 
t h a t ,  i f  it were a bad substance we were r e a l l y  working 
at .  A s  it turned ou t ,  it wasn' t ,  but  - 

MUSGRAVE That looks l i k e  a genera l  a r e a  t h a t  we ought t o  take  on 
i n s t e a d  of making each experimenter do it. There's 
enough app l i ca t ion  f o r  it. Body r e s t r a i n t s  and some- 
t h i n g  l i k e  t h e  SMSA, t h e  s k e l e t a l  muscle apparatus,  you 
ought t o  have a general-purpose cha i r  o r  couch o r  exerc ise  
device o r  whatever e l s e  t o  pos i t ion  t h e  body. Because 
otherwise you're going t o  be hanging out, t h e r e  on t h e  
l eads .  There are a l l  kinds of uses f o r  t h a t ,  t h e  cardio- 
vascu la r ,  t h e  dash 12,  o r  anything e l s e  you ' re  going t o  
do. I ' d  l i k e  t o  see  a l l  those  osci l loscopes have a common 
o u t l e t ,  t h a t  when you want t o  plug what 's on t h a t  osc i l lo -  
scope t o  downlink TV, you can simply make t h e  connection 
o r  throw t h e  switch. It would be f a n t a s t i c a l l y  use fu l .  
Right now f o r  some of them, we're br inging a Sony over and 
p u t t i n g  t h a t ,  and of course you go through one o the r  
l e v e l  of recorded ampl i f ica t ion.  It would be n ice  on 
each osci l loscope t o  have a place you could throw a 
switch, t o  downlink TV o r  b r i n g  it over and plug i n  t h e  
connection. 

CLARK O r  j u s t  d i a l  it up on t h e  matrix on top.  

MUSGRAVE Yes; i t ' s  a nice  way t o  ge t  down t o  VG-X, t h a t ' s  one 
example. But t h a t  way you can pump down any osci l loscope 
you go t  onboard; i t ' s  r e a l l y  outstanding. I f  you ' re  not 
an  expert  i n  t h a t  a rea ,  you could g e t  t h e  expert  on t h e  
ground t o  t ake  a look a t  your t r a c e .  Echo 2 telemetry i s  
a good example of a  CRT. It would have been r e a l l y  n ice  
t o  have pumped t h e  echo down. That 's  what I got .  I n  my 
r e p o r t ,  I ' l l  be addressing a l l  these  th ings .  

CKASSAY Okay, l i k e  I s a i d  before ,  we a r e  going t o  have t o  make 
a major expenditure i n  t h i s  a r e a  f o r  l i f e  sc iences ,  and 
I ' d  l i k e  you t o  maybe when you prepare what you w i l l  be 
preparing f o r  t h e  t e s t s  you might want t o  consider t h a t .  
I have a few th ings  t h a t  I would l i k e  t o  quickly g e t ,  
because I know we've got a  time problem here. The mag 
t a p e  recorder ,  we used a patchboard-type arrangement. Did 
you f i n d  t h a t  t o  be a problem? And i f  it was a problem, 
do you f e e l  l i k e  we d i d n ' t  have t o o l s  t o  r e p a i r  o r  change 
some of t h a t ,  i f  you wanted t o  change some r e a l  time. Do 
you f e e l  l i k e  i f  we went with t h a t  concept t h a t  we could 
a c t u a l l y  make real-time changes t o  t h a t ?  
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Well, t h e r e  was no documentation onboard - you know they 
a l l  go t  put together  a week before we used them - - 
. . . d i d n ' t  have schematics . . . would take  a crimper 
change t h e  wires on t h a t .  

Okay. Well suppose f o r  example, though, t h a t  we do have 
t h a t  c a p a b i l i t y  f o r  t h e  next mission, do you th ink  t h a t  
s o r t  of t h i n g  might be f e a s i b l e  t o  do? 

Sure, we can b u i l d  a patch.  

Well, patchboard, i t s e l f ,  t h e  concept i s  very simple. 

I spent  about an hour going through with t h e  Northrup 
guys over t h e r e .  The patchboard, how t h e  niatrix were 
l a i d  ou t ,  t h e  p in  l a b e l i n g ,  how t o  ge t  t h e  p ins  i n  and 
out .  So i f  we had got  i n t o  a problem on t h a t ,  we could 
have made onboard r e p a i r s  by ground d i r e c t i o n  l i s t i n g  
what wire goes t o  what pos i t ion .  

There's a l o t  e a s i e r  way t o  patch i f  you can g e t  t h e  type 
of patchboard t h a t ' s  mesh where you i n s e r t  a p in .  I t ' s  
a l o t  e a s i e r  t o  work with t h a t  onboard, than it i s  t o  t r y  
t o  put  i n  two jumpers - - 
Where was it a t ?  You what. 

The VG-X. 

Yes. 

That w a s  on t h e  patchboard? 

It was i n  t h e  uplink t o  you a l l  - - 
Thinking i n  terms of a zero-gravity condit ion,  could you 
th ink  of something t h a t  we may want t o  add. We're think- 
i n g  about commercial purchase of equipment l i k e  t h i s ,  t h a t  
we may . spec i f i ca l ly  add t o  t h i s  machine o r ,  say,  an 
FR-1300. Anything i n  p a r t i c u l a r  t h a t  you can th ink  of 
r i g h t  now t h a t  may come t o  mind? 

. . . FR-1300, I th ink  would be good t o  have some play- 
back heads. 

FM reproduce module. We had t h r e e  o r  four  of them, 
needed . . . 



CHASSAY Well, my concern was th ings  l i k e  i f  you ge t  any f reez ing  
a t  a l l  i n s i d e  of it t h a t  you could t e l l . .  We had it s e t  
r e a l  low, l i k e  1 t o  1-112 degrees C .  
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Ref r ige ra to r?  

Yes. 

It wasn' t  f reezing.  

Okay. The types of r e s t r a i n t s  t h a t  we might possibly use 
i n s i d e  there .  Right now, I think. everything was j u s t  
l a i d  i n .  For t h e  next coming t e s t ,  I think ve could 
probably look at  evaluating d i f f e r e n t  types of r e s t r a i n t s  
t o  be put i n  t h e r e ,  o r  t ape ,  o r  Velcro, o r  whazever types 
t h a t  we can probably have i n  the re .  But I j u s t  wondered 
whether o r  not - some of them were i n  racks - I think you 
had some i n  racks ,  d id  you not? 

MUSGRAVE 

SAWIN 

Yes, we had racks. 

The Styrofoam conta iners  f o r  t h e  fa lcon  tubes worked very 

MUSGRAVE 

nice .  

Yes. Some you push i n .  Of course, t h e  BMS samples, they 
were j u s t  thrown in .  

SAWIN You know, one piece  of Velcro would hold a whole s e t  of 
those  fa lcon tubes i n  place.  They were, i n  t u r n ,  put  i n  
t h e  Styrofoam. Without having individual  tube r e s t r a i n t s  
out  of Velcro. 
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Okay. Well, we're going t o  be looking a t  d i f f e r e n t  kinds 
of r e s t r a i n t s ,  probably f o r  t h e  next t e s t ,  and I j u s t  
wanted t o  g e t  some ideas  - obviously w e ' l l  be doing 
probably s i m i l a r  types of col lec t ion, ,  f o r  t h e  next t e s t .  
Freezer again,  we had a f u l l  f r e e z e r  and it wasn't  
recognized u n t i l  j u s t  before  t h e  t e s t  t h a t  - I don' t  
know who had t h e  b i g  r o l l  of paper. Was it you? That 
requirement w a s  not  i d e n t i f i e d .  

That was i n  t h e  r e f r i g e r a t o r .  We had an empty r e f r i g e r a t o r .  

An empty r e f r i g e r a t o r ?  

And a f u l l  f r eeze r .  

What a l l  was i n  t h e  f r e e z e r ?  
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Blood, u r ine ,  s a l i v a  - 
The number 9C samples, sweat paper, sweat p r i n t s  - - 

I got  t h e  photograph. We r e a l l y  had t o  stow it. You'd 
open t h e  door and everything would f a l l  out .  

But t h a t  char t  paper, I suppose we could have flown with- 
out  t ak ing  t h a t  spare,  but  it was j u s t  a conservative 
measure t o  stow t h a t .  

Okay, we never used it.  

That was never input ted  t o  me s o  when I saw t h a t  t h e  f i r s t  . 
t i m e  I thought we l l  we don't  have any problem, but  as it 
tu rns  out  we evident ly  had more problems i n  t h e  f r e e z e r  
a r e a  then we d i d  the  r e f r i g e r a t o r .  The balance s c a l e  t h a t  
was provided, I guess, i s  obviously not one we could f l y  
i n  zero g rav i ty .  The SMMD t h a t  we use on Skylab would 
probably be a s i m i l a r  type sca le .  But I was th inking of 
t h e  ty-pes of r e s t r a i n t s  and everything f o r  a s t a t i o n  
where you a r e  weighing th ings .  Would you have any ideas  
along those  l i n e s ?  I don ' t  know exact ly  what experiment 
would u t i l i z e  t h a t  experiment - t h a t  piece of equipment - - 
The ,ubber mat on t h e  SMMD would have done it a l l .  You 
could have stuck a r a t  under i -5  o r  sweat paper under it. 
I don ' t  th ink  it had t h e  reso lu t ion  f o r  t h e  sweat paper. 
The SMMD d i d n ' t  have t h a t  much reso lu t ion .  

Well, my quest ion here i s  i f  we're going t o  s e t  up some 
s o r t  of balance mechanism we probably should provide a 
means of securing th ings  around t h e  mechanism depending 
on what you ' re  t r y i n g  t o  work. 

That rubber mat would have weighed a l l  t h e  th ings  t h a t  
we would have weighed on t h i s  one. 

The vacuum chamber t h a t  we have r i g h t  now - i t s  s i z e  - 
i t s  s i z e ,  was it adequate f o r  what you used it f o r ?  Also, 
it had a viewing por t  . . . and obviously we're going t o  
have t o  s t i c k  shut-off valves I n  t h i s  th ing.  

It had a what? 

A viewing por t .  It was l a r g e r  then required  f o r  what we 
d id ,  Much l a r g e r  than required.  You put t h r e e  r a t s  i n  
the re .  That th ing  was probably a cubic foo t  i n  volume. 
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Okay. We're t r y i n g  t o  get  some ideas  Secause . . . down 
t h e  l i n e  as money becomes ava i l ab le  and we can evaluate  
some pieces  of equipment, we're going t o  buy and put it i n  
t h e r e ,  and we consider core items. Most a l l  these  items 
here  were provided - I asked t h e  PE's t o  t a l k  t o  t h e  P l ' s ,  
and we c l a s s i f i e d  them as core i f  they were used between 
two experiments. And so  t h e  PE's t a l k e d  t o  t h e  PI 'S  acd 
got  them brought over with t h e  o the r  equipment t h a t  came. 
So even though they were c a l l e d  core,  they were not t o t a l l y  
suppl ied  by me, but  we wanted t o  evaluate  o r  ge t  as  much 
information s o  t h a t  we could could go i n  and purchase some. 

We're going t o  have a i r locks .  

Oh, those  rats mess up an a i r l o c k .  

Have shaker t o  put  t h e  e x t r a  r a t s  on. 

I th ink  we have learned something from t h a t .  Evidently 
t h e r e ' s  got  t o  be a b e t t e r  method f o r  exerc is ing tha+,. 
The shaker i t s e l f  - do you f e e l  l i k e  you ac tua l ly  ha6 t o  
view t h e  shaker? I d i d n ' t  t a l k  t o  Mary o r  anybody. You 
put  it on t h e r e  f o r  a length of time and then - - 
You can hear  it. 

It made noise  and it was awful la-ge. 

I f  you're going t o  have a shaker a t  zero-g, you ' re  going 
t o  need a s p e c i a l  one. You want t o  shake some th ing  a t  
zero-g? 

I don ' t  know. It may be something they want t o  consider.  

I t ' s  got  t o  be something s p e c i a l ,  you've got t o  have a 
three-dimensional shaker. 

. . . necessa r i ly  . . . disp lace  more than one radius  . . . 
r o t a t i o n .  

Well, i n  t h i s  p a r t i c u l a r  case, I ' m  not t h a t  f ami l i a r  with 
t h a t  experiment, but  t h a t  would c e r t a i n l y  come under some- 
t h i n g  we might want t o  consider as a core item. 

I f  we had it keyed t o  be sure  it was s t i l l  going so  those  
th ings  wouldn' t d ie .  



SAWIN A s  long a s  it read 145 rpm - - 
CHASSAY Okay, s o  t h a t  wasn't  any problem t o  you. I n  o the r  words, 

having t o  s e e  it. We could a c t u a l l y  put  it out of view 
somewhere possibly.  

SAWIN A s  long a s  when t h e  s c a l e  reads 145, i t ' s  r e a l l y  shaking. 
I f  you c a n ' t  see  it, you wouldn't know t h a t .  

CHASSAY How about t h e  holders - i f  t h e r e  were a metal holder on 
t h e  end of t h e  tube t o  c l i p  t h e  f l a s k  i n  place.  Do you 
f e e l  l i k e  t h a t  might be acceptabl-e f o r  what you guys were 
doing? 

MUSGRAVE Yes, sure .  

CHASSAY It seemed t o  secure it f a i r l y  wel l .  We might want t o  
consider t h a t  f o r  holding other  th ings  too.  We had some 
th ings  i n  IMSS i n  Skylab, some l i t t l e  holders t h a t  were 
c l i p  types ,  not . . . 

CHASSAY Vector programer, any comments on t h a t ?  

SAWIN Works f i n e .  

MUS GRAVE I t ' s  neat .  

SAWIN You might want t h e  other vers ion of t h a t  t h a t  has t h e  
input  s tandard 12-lead c l i n i c a l .  J u s t  some people p r e f e r  
it and t h a t ' s  never going t o  change. Everyone doesn ' t  
th ink  t h e  Frank l e a d  system - 

MUSGRAVE . . . t h e  photographic c a p a b i l i t y  - 

ALEXANDER We a r e  vector  or iented  here. 

SAWIN I t ' s  a s l i c k  system, though. I t ' s  very simple t o  use and 
we had no t roub le  with it. 

CHASSAY Okay. The BPMS, one of t h e  th ings  t h a t  I was - I noted 
down here  was maybe t h e  length  of t h e  hose between t h e  
panel  and cuff  needs t o  be - - 

FIUSGRAVE Yes, it needs t o  be longer.  



SAWIN We've done t h a t ,  Charles. I t ' s  j u s t  a simple t h i n g ,  
you only have t o  change t h e  b leed r a t e  and it a f f e c t s  
s l i g h t l y  t h e  pumpup r a t e .  We have over i n  our cardio- 
pulmonary l a b  extended t h a t  on t h a t  same machine s o  i t ' s  
a real easy t h i n g  t o  do. 

CHASSAY W i l l  you guys supply t h a t ?  

SAWIN That was Joe  Baker. Well, it was a c t u a l l y  DE's i n s t r u -  
ment. We have two of them, Joe  has one of them and you 
have one. 

MUSGRAVE Tha t ' s  an experiment t h i n g ,  t h e r e ' s  no reason they c a n ' t  
go t o  t h e  same da ta  a s  everything e l s e  i s  going? Ins tead  
of  manual logging. 

CHASSAY Your comments on cross  experimentation, you were making 
re fe rence  t o  t h a t  and I thought we l l ,  i f  you had t h a t  
s i t u a t i o n ,  you may want t o  extend t h e  hose t o  take  t h a t  
i n t o  account.  

MUSGRAVE Let it t a k e  data .  

SAWIN That system worked as w e l l  a s  any of  those t h a t  I have 
seen.  Perhaps i t ' s  because It was ne-d; I don ' t  know. 
We a l l  had those b u i l t  a t  t h e  same t ime,  3 years ago and 
we paid  dear ly  f o r  them a t  about 13,000 each, and I 
thought we had got ten  r ipped o f f .  We've had a l o t  more 
t r o u b l e  wi th  ours.  That one worked b e a u t i f u l l y  t h e  whole 
week. It was j u s t  super.  We got  very  few . . . s y s t o l i c s  
o r  anything. 

CHASSAY For your work involved with t h e  cen t r i fuge ,  would you have 
any comments t h e r e  t h a t  - any p a r t i c u l a r  type . . . 

ALEXANDER The f a c t  t h a t  t h e  valves s t i c k  . . . e t h e r  . . . s a f e t y .  

MUSGRAVE Well you ' re  loading e t h e r  i n  t h e  o the r  t h r e e  tubes anyway. 

AILEXANDER Yes, s u r e  bu t  . . . 
MUSGRAVE Don't use t h e  word e t h e r  on t h e  loop. The o the r  t h r e e  

tubes  a s  we l l  a s  t h e  balance tube  a l s o  had e the r  . . . 
SAWIN C a l l  it t h e  solvent .  

ALEXANDER That was t h e i r  recornmenilation by the way to fix the i < C i  
s p i l l ,  t o  take  a l l  v o l a t i l e s  and a l l  con~iuctors  o f f  t h e  
spacec ra f t .  
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And all t h e  people. 

You haven' t  got ten t o  t he  most importan-t one y e t ,  Charles. 

I s t i l l  have my l i s t .  A l i t t l e  quicky here.  We h i t  t h i s  
t h e  other  day, about s ta t ionery  supplies.  How did you 
keep your own personal notes. Did you keep it with a 
pocket book o r  did you even keep it, other  than - - 
A s p i r a l  notebook. I replaced it - t he  f l i g h t  - t h i s  i s  
t h e  p r e f l i gh t ,  a  green book. The f l i g h t  book was a, bound 
s p i r a l  book. 

Okay, I put an ove rk i l l  of supplies i n  the re ,  because I 
f e l t  t h a t  as you got along i n  here there  was going t o  be 
maybe one t h a t  you preferred - - 
There were not enough pens, re t rac tab le .  Playing with 
t h a t  f i b e r  t ipped,  it takes two hands. You got t o  take 
t h e  t o p  of f  and then write.  There was a shortage of pens 
which you could c l i ck .  It was a l i t t l e  n i t t y  but  it a t e  
us.  

I no t ice  you had t o  scrounge so hard f o r  t ha t  k i t  t h a t  
you'd taken some back from A 1  Shannon's daughter o r  
something. That 's  ge t t i ng  p r e t t y  hard up. 

And a l l  t he  supplies came i n  t h e  day a f t e r  t he  t e s t  
s t a r t e d .  Our secre ta ry  brought i n  those b i g  o ld  boxes of 
supplies . 
I looked at  everything, I s a id ,  Story,  t h i s  i s  t he  so r r i e s t -  
looking s e t  of . . . 
It a t e  us because f o r  eff ic iency,  you s t a t i o n  a pen t o  
every log you have t o  use. 

Right. 

You're r i g h t ,  Loret ta  Shannon. 

You need a new secretary  I think,  Charles. 

It might be t he  system. But she ordered them. 
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Well, we sure  found out t h a t  we had it sweet, when we 
were doing t h e  X10, because we had a playback channel. 
A s  loud and as  noisy as t h a t  head was, we knew we had 
a l o t .  But you guys have had t he  sane problem. 

On t h e  patch panels, I don' t  know how easy it i s  f o r  one 
of us t o  p u l l  t he  wires out ,  I never t r i e d ,  but  it seems 
l i k e  they should be more wel l  protected then they were. 
A l l  those wires j u s t  s t i c k  out the re  and you reach up and 
grab t he  panel and you jus t  a s  wel l  p u l l  out a handful 
of wires. 

But they a r e  locked i n  console, it took a spec ia l  t o o l  t o  
remove one. 

Fine. I d idn ' t  know t h a t ,  because I never t r i e d  it. 

It doesn' t  look obvious, though, I ' l l  t e l l  you. 

I t ' s  c r i t i c a l  when we got  t o  condition s igna l s .  I t ' s  one 
t h ing  t o  look a t  the  scope, and you get  used t o  knowing 
looking a t . t h a t  s igna l ,  you know what i t ' s  got t o  be. 
But i f  sometime before,  someone e l s e  changed t h e  s ens i t i -  
v i t y  on t h e  scope and look t he r e  and i t ' s  reasonable when 
you ' re  cl ipping h e l l  out of it on t he  tape,  i t ' s  n ice  i f  
you can run some data  and then run a playback and say yes ,  
I ' m  there .  

Okay, t he  next one I had l i s t e d  i s  t h e  time code generator. 
I n  pa r t i cu l a r ,  we had several  aboard. I was concerned 
maybe with t he  pos i t ion  t h a t  they were i n  as  wel l  as  t he  
colors ,  and whether or  not we might want -to consider one 
o r  t h e  other  having t h e  cha rac t e r i s t i c s  of being able t o  
r e s e t  f o r  a spec i f i c  time frame t h a t  you might want t o  
operate t o .  The running time, as I understand it, was 
not t h e  t e s t .  

Yes. We went t h a t  way because we only f o - i d  out a t  
in tegra ted  sims, wasn't i t ?  We found out t he  week before  
t h a t  t h e  time code, except f o r  t he  12 - t h e  time code 
was t h e  one - we only saw t h a t  t h e  morning we went i n ,  I 
th ink  on t h e  f i r s t  day of in tegrated s i m s  was the  first 
time we saw tha t .  We sa id ,  what's t h a t ?  

. . . We s t a r t e d  looking f o r  where t h e  th ing was - - 
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It was t h e  f i r s t  day of in tegra ted  sims, and we s a i d  what 
i s  t h a t ?  And t h a t  was the  one t ha t  time-coded a l l  t h e  
tapes  except f o r  the  12 tape t h a t  was on t h a t  one. We had 
t r a ined  throughout t h a t  t h a t  one over by t he  cardiovascular 
was t he  one t h a t  put t he  time code on. So we would have 
l i ked  t o  t r a ined  and had a  checklist-clock cor re la t ion ,  
t h e  same as your reentry  burn. Your phase-elapsed time 
i s  what you wanted. And we would have l i k e  t o  have had a  
cor re la ted  be between t he  clock and t h e  checkl is t  a t  a  
c e r t a i n  zero time ins tead of GMT. We had t o  go GMT on 
t h a t  because we jus t  d idn ' t  have t he  time t o  regroup t he  
check l i s t .  

One th ing  about GMT i s  t h e  way we were working, t h e  day 
changed sometime i n  the  middle of the  afternoon and, by 
gol ly ,  i f  you put down what GMT day, hour, minute i s ,  a 
week l a t e r  you know when you did it. I f  you jus t  put time 
down, it doesn' t  mean anything. 

Well, I ' m  thinking i n  terms of one t h a t  may be relative1;y 
c lose  t o  you t h a t  i f  you want t o  punch up f o r  a  30-minute 
period and you want t o  knock off  a f t e r  t h a t  time a t  t h e  
end of an experiment, you're s i t t i n g  t he r e  looking a t  it 
and you know when you're f in ished.  Some of t h e  individual  
experiments did  have - I think t h i s  . . . one of them. 
Who was t h a t ,  Bob Thirol f?  12  had it. 

I ' d  say code it with Gl4T but  have an event timer you could 
use and use t h e  checkl is t  cor re la t ion  t o  an event t imer.  
That would be t h e  bes t  of both worlds. 

Right. How about i t s  placement i n  t h e  l ab  r i g h t  now? Do 
you f e e l  l i k e  t h a t  w a s  a  problem t o  you t ry ing  t o  v i sua l ly?  

It wasn't g r ea t ,  no, because we had t he  other  one s e t  t o  
m. 

Even with t h e  two of them, it wasn't pe r fec t .  I don't 
know what b e t t e r  suggestion; it depends on your v i s ion ,  
I guess - - 
You have t h e  clock i n  t he  core segment anyway. 

Perhaps somewhere around t h e  middle of t he  l ab  and up 
high so it would be r e a l l y  v i s i b l e  from both s ides .  

How about i t s  color? Would a  pa r t i cu l a r  color be more 
advantageous t o  you? For example, red ,  white, or  green 
o r  - 
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I l i k e  t h a t .  

Nixie tubes versus  some o the r  type  .of display.  Doesn't 
make t h a t  much di f ference .  

Okay, it wasn't  a not iceable  problem then. Are you co lo r  
b l i n d ,  by t h e  way, Story? They were t a l k i n g  about t h e  - - 
Who? ( ~ a u g h t e r .  ) 

- - doing something with red  t h e  o ther  day and - - 
I had t h e  goggles on. 

Oh, okay. I missed t h a t  p a r t  of it. I heard you saying 
you were . . . then a l l  of a sudden you had a b i g  syr inge  
of blood here.  You s a i d  - 
That ' s  t h e  v e s t i b u l a r  goggles. 

Okay, t h e  next one I would l i k e  t o  go t o  was t h e  r e f r i -  
g e r a t o r .  A t  t h e  time t h a t  we t r i e d  t o  i d e n t i f y  these  
th ings ,  we obviously t r i e d  t o  keep t h e  volumes ava i l ab le  
s m a l l  because of o the r  problems t h a t  we envisioned having 
bu t ,  f o r  example, a t  one time we thought we would j u s t  
be overloaded i n  t h e  racks,  and t h e r e  w a s  going t o  be very 
l i t t l e  ava i l ab le  rack space. There was not much i n  t h e  way 
of r e f r i g e r a t i o n  i n  f reezing required.  Some th ing  l i k e  a 
cubic f o o t  o r  a l i t t l e  over t h a t ,  and as  it turned out  it 
was very - - 
You know those u r ine  fo lks .  

I th ink  they upped t h e i r  requirements. 

The u r i n e  and t h e  blood f o l k s  a r e  always going t o  come 
i n .  

Well, maybe t h e  approach though i s  t h e  one you took and 
had severa l  u n i t s  of t h a t  s i z e  o r  something. You pay a 
l i t t l e  penal ty  i n  usable space t h a t  way, but  a t  l e a s t  i f  
you don ' t  need the  damn t h i n g  onboard, you haven' t  got  a 
whole rack f u l l  of them. 

. . . a l s o  know you need smaller  falcon tubes.  Out of 
t h a t  25 o r  30 c c ' s  i n  the re ,  they ' r e  only going t o  use 
1 o r  2. 



MUSGRAVE We a l so  need a mechanism f o r  - t h i s  is  probably more 
f a c i l i t y ,  but fo r  at taching the  checklist  to the  experi- 
ments t o  hold the page open where w e  want, l i k e  a c l i p .  

CLARK Okay. Spare Velcro and gray tape. Gray tape got unstowed 
somehow . 

SAWIN Yes. We didn ' t  have nearly enough tape.  

MUSGRAVE Yes, t h i s  has been the f i r s t  manned spaceflight simulation 
t h a t  they d idn ' t  have gray tape. 

CHASSAY We had one r o l l  - - 
SAWIN No, yellow tape. 

MUSGRAVE No gray tape. 

CLARK Gray tape was i n  there  during the  dry runs and somehow 
o r  other before we went i n  there  it got pulled out .  

BOOHER That 's  amazing. 

MUSGRAVE I t ' s  amazing we could survive. 

BOOHER You've s e t  a f i r s t .  

MUSGRAVE The tape we had, it would l a s t  about 1 5  minutes. Wef r e  
taping our cue cards and they're f a l l i n g  off  i n  about 
1 5  minutes. You would hear t h i s  clump behind you and 
look around and the re ' s  a cue card on the  f loor .  

CHASSAY What was the  tape tha t  you were using? 

MUSGRAVE Masking tape. 

SAWIN Yellow . . . tape o r  the  masking tape, e i ther  one. 

MANGOLD How about i n  the  medical k i t ?  There was 2-inch adhesive 
tape. 

SAWIN We didn ' t  get  i n to  t h a t  I guess. 

S P W R  They were a f r a id  of it. 

SAWIN It was the  same; it didn ' t  have very good adhesive 
proper t ies .  
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- - 

MUSGRAVE It didn ' t  hold so good e i ther .  

SPEAKER Stuff  i s  p r e t t y  s t i cky  outside. 

MUSGRAVE It didn ' t  l a s t .  

ALEXANDER S t icks  on i t s e l f  super. 

SAWIN I t ' s  a  zero-g phenomenon. 

CHASSAY I th ink  t h i s  t o o l k i t  th ing d idn ' t  r e a l l y  get  exercised 
properly because a  l o t  of t he  PE7s d idn ' t  see t h e i r  
equipment u n t i l  the  very end, and I think we're going 
t o  scra tch up a  l o t  more t oo l s  f o r  t he  next time. Some 
of t he  th ings  t h a t  were i den t i f i ed ,  f o r  example, the  use 
of t h e  l i t t l e  penlight  t h a t  we had i n  t he r e  f o r  the  dual 
s h i f t  thing.  Help you go around looking at - f o r  things 
i n  t he  mid-deck region while Bob was asleep.  Those th ings ,  
I think,  we can ce r ta in ly  provide. 

MUSGRAVE We could have used one per crew plus  a  spare. 

CHASSAY Right. Okay. 

MUSGRAVE Of course, on Apollo we got those l i t t l e  ones. 

CHASSAY Okay. Any l a rge  f l a sh l i gh t .  Did you have a need f o r  a  
l a rge  - something t o  look behind a  panel t h a t  you may ha-re 
removed o r  any thing l i k e  t h a t ?  You didn' t get i n t o  much 
i n  t h e  way of troubleshooting so I - 

MUSGRAVE You need a  f l a s h l i g h t ,  we know you need t h a t .  

CHASSAY Yes. What I ' m  t r y ing  t o  get  at i s  do we need a  b ig  
f l a s h l i g h t  o r  - 

CLARK We used t h e  b ig  f l a sh l i gh t ,  but  it wasn't anything t h a t  
t h e  small one couldn' t  have been used fo r .  

CKASSAY Okay. Well t h a t ' s  my thoughts r i gh t  now. Do we need a  
r e a l  lamp, a  b ig  4 o r  ? -ce l l  type o r  jus t  a  shor t  standard - 
I ' d  l i k e  t o  address t h i s  one t o  you, Story,  i f  you would, 
because i n  t h e  l a s t  t e s t ,  t e s t  1, ac tua l ly  you got i n t o  a  
l o t  of equipment r epa i r .  And when you t r y  t o  cor re la te  
what you did  there  with,  say, our workbench, would you 
f e e l  it would be helpful  t o  have maybe a  high-intensity 
lamp a t  t h e  workbench s t a t i o n  t o  make it - - 
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Yes, b u t  nothing l i k e  what 's being l a i d  on Skylab. I 
f o r g e t  how many candlepowers, but  my god it would melt 
t h e  p lace .  

Is t h a t  r i g h t ?  

Oh yes. Hessburg put i n  a f a n t a s t i c  l i g h t  requirement. 
You can look a t  t h a t ;  we don' t  need h a l f  t h a t .  

You don ' t  know what footcandle l e v e l  he w a s  request ing - - 
Not i n  my head., but  it'll astound you. I n  t h e  thousands. 

It sounds l i k e  an o p e r a t i r a  room. Okay, on t h e  medical 
k i t ,  ve ry  b r i e f l y  on t h a t .  We had a l o t  of drugs i n  
t h e r e .  But j u s t  t o  kind of th ink a l i t t l e  b i t  about t h e  
mission, can you t e l l  me what types of th ings ,  maybe 
along t h e  l i n e s  of bandaids, a s p l i n t ,  anything l i k e  t h a t  
t h a t  you may th ink  t h a t  you may have t o  need i n t o  i t .  

I wouldn't approach it t h a t  way. I ' d  go t o  t h e  IMSS and 
say what do you need from t h a t .  O r  what should be 
excluded or  included. 

Well, we have cut  a l o t  0v.t of it - out of t h e  IMSS and 
have t r i e d  t o  narrow it down t o  meet t h e  requirements of 
a t y p i c a l  mission l i k e  we've j u s t  run. 

I t h i n k  you should have s p l i n t s ,  f ~ r  i f  someone broke an 
arm, l e t ' s  say,  - t h e r e  wouldn't be any need t o  abort  a 
mission. 

Is it r e a l l y  poss ib le  f o r  t h a t  t o  happen, say, during a 
mission? 

Sure. 

What I ' m  t r y i n g  t o  get  a t  - - 
That ' s  go t  t o  be - t h a t  whole - w e  got  t o  t a c k l e  t h e  IMSS. 
I th ink  it, you know - - 
That ' s  being worked r e a l  hard  r i g h t  now - - 
I don ' t  th ink  t h e  s i m  contr ibutes  anything t o  t h a t  k i t .  
The Quaalude, yes. We got  t o  t ake  a r e a l l y  hard look a t  
s l eep ing  medication; we're going t o  need i t .  



CfiASSAY Okay. What I ' m  th inking l i k e  t h e  - comment t h a t  Thornton 
gave us coming out of SMEAT was, hey we don ' t  have enough 
bandaids. This i s  f o r  TNSS. So we ended up pu t t ing  an 
e x t r a  hundred i n  t h e r e ,  o r  something l i k e  t h a t .  Because 
he was forever  g e t t i n g  nicked o r  cut  doing some t h i n g  i n  
SMEAT. O r  t h a t  might be B i l l ,  I don' t  know. But t h a t  was 
one of t h e  comments t h a t  came ou t .  But my quest ion t o  you 
here  is  i n  running i n  t h i s  f a c i l i t y  - o r  we're t a l k i n g  
about a similar type  th ing ,  i s  it very poss ib le  t o  ge t  
t h e  nicks and t h e  scra tches  and th ings  l i k e  t h a t  working 
wi th  t h e  exerc is ing equipment? 

SAWIN Cracked my knee on t h a t  s t r i p  char t  . . . k 

. CHASSAY Okay, t h e  microscope. That ' s  been mentioned severa l  
t imes here ,  one of which i s  an adapter  f o r  both s t i l l  
and movie cameras. There was some comment on s p l i t  o r  
. t r ibean.  Do you have a s t rong f e e l i n g  e i t h e r  way? 

MUSGRAVE Yes, t h e  tribeam. 

CHASSAY The tribeam? Okay. I d i d n ' t  understand what t h e  white 
spot  w a s  they were t a l k i n g  about. 

SAWIN I took o f f  an object ive ,  and i t ' s  on a t u r r e t  with f o u r  
ob jec t ives  and we were looking through one but  t h e r e  
was l i g h t  perhaps coming i n  through t h e  p lace  where I 
had removed it. 

SPEAKER They ' l l  be ab le  t o  - - 
SAWIN That doesn ' t  make sense. 

ALEXAiiDER That ' s  impossible. That c a n ' t  happen 'cause i t ' s  not . . . 
SAWIN That ' s  what I ' m  saying - 
MUSGRAVE 

SAWIN 
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j 

1 SAWIN 

Let them go work it. They ' l l  go work it. 

I c a l l e d  them on t h a t  but  . . . don' t  be l i eve  it. The 
f irst  time he s a i d  it it seemed reasonable then as  I 
thought about it, it d i d n ' t  make any sense. 

Is it worthwhile t h e  type of microscope t h a t  w a s  used, t o  
have t h a t  on a slide-out type t a b l e ?  

It was very inconveniently located .  What had happened i s  
t h a t  she l f  w a s  b u i l t ,  again j u s t  p r i o r  t o  t h e  t e s t .  We 
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walked i n  t h e r e  and t h e r e  it was. You couldn' t  ge t  i n  
t h e r e  t o  conveniently look through t h e  microscope, because 
t h e  TV camera and everything r i g i d l y  f ixed  t h e  l o c a t i o n  
of  t h a t  microscope. 

Okay. So it would be advantageous t o  have it back out 
of t h e  way and it s l i d e  out  t o  you t o  - - 
Like t h e  f irst  s i m ,  yes.  Right. 

Okay, - - 
Excuse me, Charl ie ,  bu t  we flew an [ ~ e i t z ]  Ortholux over 
i n  Huntsvi l le  t h i s  summer, and a l l  those  problems go away 
because i t ' s  reverse  mounted and t h e  eye pieces s t i c k  out 
b u t  t h e  whole microscope is  back i n .  

Okay, b e t t e r  access by t h e  observer t o  t h e  eyepiece i s  what 
i s  impbrtant,  not r e a l l y  where t h e  scope is.  

Now t h e  only quest ion i s  . . . 

Okay, we've have been many miles on t h e  scopes and we 
c e r t a i n l y  don' t  want t o  go wrong on t h e  next one we ge t  
i n  t h e r e .  

How about t h e  work height  t o  t h i s  th ing.  Obviously, you 
s a i d  it was kind of inconvenient; could it have been t h e  
he igh t  of t h e  - - 
No, it wasn't  t h e  height ;  it w a s  t h e  f a c t  t h a t  you had t o  
l e a n  over t h i s  shel f  which stuck out t h e r e  o r  t h a t  you 
couldn ' t  ge t  your knees under it o r  anything l i k e  t h a t .  
R e a l  simple human f a c t o r s .  

The types  of cameras t h a t  may be brought onboard. We 
obviously use t h e  Polaroid q u i t e  a  b i t .  Do you have any 
s t r o n g  f e e l i n g s  f o r  t h e  types of cameras t h a t  you would 
l i k e  t o  see?  

I used t h e  Polaroid j u s t  f o r  my experiment t h a t  w a s  
p r imar i ly  - - 
You're t h e  only one t h a t  used it? 

Plus j u s t  t o  get  some shots  of t h e  GDP and t h a t  was it. 
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We used t h e  Nikon. 

Story  had t h e  o ther  cameras. 

Yes, t h e  35 mil l imeter .  

Cameras onboard - . . . 
You d i d  need an extension tube f o r  very c lose  up photos, 
specimen photos, c u l t u r e  photos. Biological  specimen 
photography and of course t h e  microscopic s t u f f .  

J i m  Ragan and t h e  guys downstairs here. They'd l i k e  t o  
work t h a t .  

Right. I ' m  j u s t  t r y i n g  t o  pick your bra ins  a t  t h i s  point  
i n  time while the  t e s t  i s  j u s t  over. This information I ' m  
su re  w i l l  f i l t e r  i n t o  them. The gas chromatograph, we 
t a lked ,  and t h e r e  were severa l  th ings  mentioned t h e r e .  
One was t h e  e t h e r  evaporation, and I th ink they mentioned 
t h a t  i f  they put  t h e  e t h e r  - t h e r e  must have been a 
charge can of some s o r t  - they could put t h a t  i n  the  - 
was t h e r e  a b o t t l e  o r  a can? 

No, it was a t e s t  tube with a top  on it. They were leaking 
bad. 

Okay, I don ' t  understand t h e  operat ion of t h i s  one b u t  t h i s  
one evident ly  had a c e l l  vol tage  flame t h a t  - did  t h a t  
ever go out? Was t h a t  one of t h e  problems when they shut  
something o f f ?  Was t h e r e  a shu to f f ,  o r  was t h a t  j u s t  a  
s i m  problem they were t a l k i n g  about? 

No, it w a s  a l l  r i g h t .  

Okay, I thought it somehow went o f f  and you were going 
t o  have t o  r e l i g h t  a flame. 

That w a s  something t h a t  . . . . . . t o  get  t h e  d e t e c t o r ' s  
s t a b i l i t y  back. 

We had a b o t t l e  t o  change out on t h e  outs ide .  . . . 
I ' m  not t h a t  f a m i l i a r  with gas chromatographs t o  know 
whether o r  not t h e r e  would be a d i f f e r e n t  model o r  
d i f f e r e n t  type we would want t o  f l y  in. zero g r a v i t y .  
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This is  a home-built one of a kind, 

Okay. 

There a r e n t 6  any others .  I t ' s  a super one, but  i t ' s  
a home b u i l t .  

I t h i n k  i f  we ever showed Story t h e  one we have over i n  
our l a b ,  he 'd  never want t o  look a t  Howard's again.  We 
have a programmable GC t h a t ' s  d i g i t a l  rea,dout and complete. 
J u s t  makes t h i s  t h i n g  look l i k e  i t ' s  medieval. 

Okay; mass spectrometer. One of t h e  th ings  I picked up 
i n  our d iscuss ion i s  t h a t  it should have extraneous 
c a p i l l a r y  attachments f o r  going i n t o  o ther  chambers, and 
I t h i n k  t h a t  t h i s  was mentioned - - 
We're g e t t i n g  i n t o  t h e  important equipment now. I want 
you t o  ge t  a mass-spectrometer i n t o  t h a t  core equipment. 

And hook it up t o  t h e  GC. 

It should perhaps be a more v e r s a t i l e  one than t h e  one 
we have, but  a good place t o  s t a r t  i s  with those  four  
b a s i c  gasses - 02, N2 ,  CO and water. And I ' v e  got some 

2 ' 
t h i n g s  going with Perkin-Elmer. We have a small  mount  
of money t o  put  on it; we need rnore t o  put on it. I 
looked a t  one of these  Skylab-type u n i t s  modified and 
have plug-in cards where you can s e l e c t  t h e  gas you 
want t o  look a t  wi th in  a mass range up t o  120. And t h a t  
would g ive  you a l o t  of f l e x i b i l i t y  f o r  s e t t i n g  up 
numerous experiments. I n  o the r  words, some of us spend 
most of t h e  time looking a t  these  four  gases because 
they a r e  r e s p i r a t o r y  gases,  but  t h e r e ' s  l o t s  of o the r  
th ings  you can do - with a l i t t l e  more v e r s a t i l i t y  i n  
about t h e  same package s i z e .  It j u s t  means p u t t i n g  a 
l i t t l e  money i n t o  t h e  u n i t .  

Do you have a development program r i g h t  now with t h a t  
o r  - - 
I t ' s  p r e t t y  slow and low because t h e r e ' s  no money. I 
know t h e r e ' s  a l o t  of money going i n t o  core equipment - - 
Right. Well, t h i s  i s  one of the  th ings  we - - 
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- - get  toge the r  and go t o  work on t h i s  t h i n g ,  

We a c t u a l l y  want t o  look a t  it - t h e  coments  t h a t  you 
might have when we go t o ,  say, preparing a s o r t  of 
statement of work f o r  purchase f o r  something l i k e  
t h i s .  Whether we want t o  buy it r i g h t  off  t h e  s h e l f  o r  
go i n  . . . on t h e  development s ide  and iniprove i t s  - - 
There i s  no off-the-shelf u n i t  t h a t  could poss ib ly  work 
i n  Spacelab. 

. . . , i s  t h a t  r i g h t ?  

They don' t  make them . . . 
Okay. One of t h e  th ings  t h a t  I noted here t o o  i s  where 
we have a l a r g e  magnetic f i e l d ,  do you f e e l  l i k e  it 
would be .on - s u i t a b l e  t o  maybe have an EN1 onboard meter 
of some s o r t  t h a t  could maybe do two th ings .  One, de tec t  
r ad ian t  EM1 t h a t  you could see  i n  t h e  environment o r  l i n e  
EM1 t h a t  might cause g l i t c h e s  onto maybe some of t h e  
readings t h a t  you're g e t t i n g  p r in ted  out .  

Tha t ' s  t h e  engineers - - 
CHAS SAY You s a i d  it was a very c lean - - 
SPEAKER That becomes p a r t  of your buildup - - 
MUSGRAVE Those guys . . . t h a t  s t u f f ,  you know. 

SAWIN By t h a t  I rzlean, o r  Story  means, I t h i a k ,  when we look a t  
our VCG we d i d n ' t  s e e  60 cycle on it. 

MUSGRAVE A l l  t h e  s t u f f  we're looking a t  i s  opera tors  on t h e  scopes 
and i t ' s  r e a l l y  c lean s i g n a l s ,  with t h e  one exception 
t h e  VCG, f o r  some reason when we'd f i r s t  plug it up i t ' d  
be noisy then it would go away. That 's  what I mean, as  
opera tors ,  a s  experimenters, everything looked p r e t t y  
clean.  

CHASSAY I know when we put  all t h e  equipment i n t o  t h e  Skylab 
veh ic le ,  one of t h e  th ings  t h a t  they t e s t e d  out  a t  
Huntington Beacn was t h e  EM1 t h a t ' s  generated from each 
system as  a t o t a l  t o  see whether o r  not t h a t  would a f f e c t  
t h e  veh ic le  i t s e l f ,  and - - 
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!L'hatfs p e s t  of our job . . . over here i n  bu i ld ing  36 . . . 
down here  t o  make su re  t h e  system a r e  compatible wi th  
themselves - - 
Well, I was th inking more a s  a t o o l  t o  t ry  t o  f i n d  i t .  
There 's  something wrong causing t h e  problem here  and ca.n 
you use it as  a t o o l  t o  check t o  see  i f  you can shu t  
some t h i n g  o f f  o r  i s o l a t e  it somehow from t h e  system s o  
t h a t  it doesn ' t  g l i t c h  everything e l s e .  Okay - - 
. . . t h e  d iagnost ic  osc i l loscope ought t o  take  ca re  of 
t h a t ,  shouldn' t  it? 

It goes down t o  microseconds, doesn' t  i t ?  

I have t h a t  one and I have your comments on t h e  
osci l loscope on t h a t .  One of t h e  th ings  we looked a t  
would.be an oven, and of course t h a t  would be used - 
poss ib ly  considerably i n  t h e  microbial  areas  f o r  cu l tu re .  
That ' s  a l l  t h e  quest ions t h a t  I had r i g h t  now. Chuck, do 
you have any comments on what you might l i k e  t o  see  i n  
add i t ion  t o  t h i s ?  

. . . on t h a t  f r eeze r  on Spacelab has sen t  food up i n  it 
and down loading it and pu t t ing  t h e  samples i n  i t .  I 
know t h a t  Dave Winters i s  r e a l l y  appa.lled t h a t  we're 
f l y i n g  without frozen food. 

I t ' s  my understanding t h a t  they a r e  now working t h a t  
proposal  but  I ' m  not t h a t  f a m i l i a r  with - Tom Turner 
i s  - - 
Well, I don ' t  know hcw it impacts on designing t h a t  
f r e e z e r ,  bu t  i t ' s  something t o  t h i n k  about when we're 
f l y i n g  i n  Spacelab, you can put t h e  f rozen food i n  it 
and then,  a s  t h e  food comes ou t ,  put t h e  samples i n .  

. . . l i f e  science core equipment and t r a s h  s torage  . . . 
Yes, I brought t h a t  up. 

Right. That was mentioned. I have not reviewed i n  d e t a i l  
some of t h e  work t h a t ' s  already been done, but  a few 
con t rac to r s  a t  Marshall had inves t iga ted  t h e  core but  
r i g h t  now we're going t o  have t o  s p l i t  those th ings  up 
and r e a l l y  go i n t o  d e t a i l s  and w e ' l l  be g e t t i n g  with 
you guys. They have a good knowledge of l ab  equipmefit, 
and how they work and how it impacts t h e  experiments. 



F!lJSGRAVE A s  a general  philosophy, I P d  lean toward having things 
core, becsuse NASA's going t o  pay f o r  l i f e  sciences 
experiments. And some people say, no, d o n ' t  make t h a t  
core,  t h a t  cos t s  money; l e t  t he  experimerlt - payload 
people pay f o r  that .  But you know t h a t  i s n ' t  t h e  way - 
who's going t o  pay f o r  l i f e  sciences experi.ments? KEY 
i s n ' t  going t o .  NASA's going t o  pay f o r  i .c .  

BOOHER Neither a r e  t h e  un ive r s i t i e s  o r  anybody e l se .  

l/lLTSGRAVE Univers i t ies  a r e n ' t  going t o  e i t he r ,  so - - 
CHASSAY We obviously a r e  going t o  have a l a rge  nuxber of  core 

items. The question here i s ,  t he  more inputs we ge t ,  
t h e  b e t t e r  se lec t ion  process we ' l l  have f o r  ge t t ing  
these  th ings .  

NASA-JSC 


